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PREFACE. 

Sings  the  last  edition  of  this  work,  the  investigations  of  Parliamentary 
Committees  have  resulted  in  fresh  and  more  exact  legislation  on  the 
adulteration  of  Food;  standards  or  limits  of  purity  have  been  fixed  for 
milk,  butter,  and  margarine ;  and  by  the  work  of  both  foreign  and  British 
scientists  many  new  analytical  processes  have  been  devised.  The  mass 
poisoning  in  the  North  and  Midlands  by  arsenical  beer  has  brought  to 
public  notice  vast  possibilities  of  danger  in  the  contamination  of  common 
articles  of  diet  by  injurious  substances,  and  has  directed  the  attention  of 
skilled  chemists  to  the  perfection  of  old  processes  for  the  discovery  and 
estimation  of  minute  quantities  of  arsenic.  It  is  therefore  no  matter  for 
surprise  that  the  Authors  found  on  commencing  the  preparation  of  a  new 
edition  that  so  many  changes  were  necessitated  that  the  work  had,  to  a 
great  extent,  to  be  rewritten.  It  was  at  the  same  time  necessary  to  keep 
the  size  within  the  limits  of  the  last  editions ;  this  has  been  fairly  well 
accomplished  by  omitting  the  bibliographies,  condensing  certain  portions, 
enlarging  the  page  and  omitting  much  which  experience  showed  to  be  of  no 
great  utility.  In  this  way  room  has  been  given  for  the  chapters  on  the 
detection  and  estimation  of  arsenic,  the  composition  and  analysis  of  spices, 
the  bacteriology  of  water,  and  so  forth.  Many  new  Tables  and  Diagrams 
have  also  been  inserted. 

The  Authors  have  endeavoured  to  acknowledge  in  every  instance  the 
source  from  which  they  have  drawn  their  information,  so  as  to  enable  the 
reader  to  refer  when  necessary  to  the  original  work  or  paper. 

In  its  new  form  the  Authors  believe  that  the  work  will  be  found  useful 
to  analytical  chemists,  and  to  those  who  desire  to  possess  a  handy  book  of 
reference  on  the  subject. 

A.  WYNTER  BLYTH. 
MEREDITH  WYNTER  BLYTH. 


London,  1903. 
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PART  I.— HISTORY  OF  ADULTERATION, 


I.— EARLY  NOTICES  OF  ADULTERATION, 
ESPECIALLY  IN  ENGLAND. 

§  1.  Bsforb  adulteration  commences,  commerce  must  develop.  In  primi- 
tive states  of  society,1  there  may  be  knavish  tricks,  ignorant  bartering, 
substitutions  of  bad  for  good,  falseness  and  meanness  of  all  kinds,  but 
no  systematic  sophistication  is  possible.  Again,  in  the  semi-pastoral  state 
(as  it  existed  in  some  parts  of  Scotland  a  century  ago),  in  which  the  food 
of  a  family  is  raised  from  the  soil  on  which  they  dwell,  and  clothing  pro- 
duced from  their  own  sheep  and  spun  into  textile  garments  at  their  own 
fireside,  commercial  frauds  are  unknown  or  undeveloped. 

There  are  several  notices  of  ancient  sophistications  practised  by  the 
Greek  and  Roman  traders ;  but  it  is  from  the  Middle  Ages  that  the  most 
copious  and  interesting  materials  for  a  history  of  adulteration  are  obtained 
— a  page  of  history  but  little  explored,  yet  abounding  with  curious  facta 
more  or  less  illustrative  of  the  manners  of  the  times. 

The  mixing,  or,  rather,  alloying  of  gold  or  silver  with  the  baser 
metals  may  be  justly  considered  of  the  nature  of  adulteration,  and  has 
prevailed  contemporaneously  with  the  art  of  coinage.  The  well-worn  tale 
of  the  detection  of  the  base  metal  in  the  crown  of  Hiero  by  Archimedes, 
some  two  and  a  half  centuries  before  Christ,  may  be  accepted  as  probably 
the  earliest  scientific  detection  of  adulteration.  The  process  used  by  the 
philosopher  of  Syracuse,  when  discharging  the  duties  of  a  public  analyst, 
for  finding  the  specific  gravity,  is  quantitative  as  well  as  qualitative, 

1  11  High  things  begin  low.  Astronomy  began  as  astrology,  and  when  trade  began, 
there  must  have  been  even  more  trickery  about  it  than  there  is  now.  Conceive  a  world 
made  up  of  nomadic  tribes  engaged  in  perpetual  warfare.  It  is  a  commerce  of  killing. 
If  a  tribe  desire  the  richer  soil  or  larger  possessions  of  another,  the  method  is  to 
exterminate  that  other ;  but  at  last  there  rises  a  tribe  too  weak  or  too  peaceful  to 
exterminate,  and  it  prefers  to  barter,  it  challenges  its  neighbours  to  a  contest  of  arts. 
They  try  to  get  the  advantage  of  each  other  in  bargains,  they  haggle  and  cheat ;  it  is  not 
heroic  at  all,  but  it  is  the  beginning  of  commerce  and  peace." — Dtmorwlogy,  by  Maurice 
Conway,  M.A. 
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and,  though  purely  physical,  is  used  daily  by  all  engaged  in  practical 
chemistry. 

Vitruvius,1  in  his  work  on  architecture,  describes  the  adulteration  of 
minium  with  lime.  He  also  gives  a  simple  process  for  its  detection :  heat 
to  redness  on  a  sheet  of  iron ;  if  pure,  it  will  blacken,  but  on  cooling 
return  to  its  former  hue. 

Dioscoride8  alludes  to  the  adulteration  of  opium  with  gum  and  with 
the  milky  juice  of  glaucium  and  lactuca.  The  test  for  distinguishing  the 
pure  from  the  false  was  primitive :  the  opium  was  to  be  burnt ;  if  pure, 
the  flame  was  clear  and  brilliant,  but  the  adulterated  burnt  with  difficulty. 
The  quality  of  the  opium  was  also  to  be  judged  by  its  behaviour  when 
exposed  to  the  rays  of  the  sun ;  when  opium  of  good  quality  liquefies,  it 
looks  as  if  it  had  just  come  from  the  plant.2  He  also  specifies  the 
adulterations  of  several  drugs ;  as,  for  example,  the  mixing  of  styrax  resiu 
with  styrax  sawdust. 

Pliny,  among  other  matters,  alludes  to  the  frauds  practised  by  bakers ; 
for  they  added  to  the  bread  a  white  earth,  soft  to  the  touch  and  sweet 
to  the  taste,  which  was  obtained  from  a  hill  called  '  Leucogee,'  situated 
between  Pozzuoli  and  Naples.  It  has  been  suggested  that  the  white  earth 
was  carbonate  of  magnesia ;  this  is  doubtful.8 

He  also  speaks  of  the  adulteration  of  aerugo  (under  which  name  was 
confounded  both  the  acetate  and  sulphate  of  copper)  with  shoemakers' 
black  atramenta  sutorium,  and  gives  a  true  chemical  method  for  its  dis- 
covery. Paper  is  to  be  soaked  in  the  juice  of  galls ;  if  the  aerugo  is  pure, 
it  will  not  turn  the  paper  black.  Another  method  was  to  put  the  sub- 
stance on  a  sheet  of  red-hot  iron ;  if  sulphate  of  iron  had  been  added,  it 
became  covered  with  spots.4 

The  adulteration  of  wine  in  Athens  necessitated  the  appointment  of  a 
special  inspector,  whose  duty  it  was  to  detect  and  stop  these  practices. 
Greek  history  has  handed  down  the  name  of  one  Canthare,  who  excelled  in 
ingenious  mixtures,  and  knew  how  to  impart  the  flavours  of  age  and 
maturity  to  new  wines.  His  ingenuity  was  such  that  it  was  commemorated 
in  the  proverb,  "Artificial  as  Canthare." 

In  Rome,  also,  wine  was  much  tampered  with ;  even  the  rich,  according 
to  Pliny,  could  not  obtain  the  natural  wines  of  Falerno,  for  they  were 
adulterated  in  the  cellars ;  and  certain  wines  from  Gaul  had  an  artificial 
colour  given  to  them  by  means  of  aloes  and  other  drugs.5 

§  2.  In  our  own  country,  and  in  Europe  generally,  from  the  eleventh 
century  onwards,  the  bakers,  the  brewers,  the  'pepperers,'  and  the 
vintners,  were  most  frequently  accused  of  corrupt  practices.  We  must 
not,  however,  judge  too  harshly  of  the  tradespeople  of  that  epoch,  for 
morality  was  generally  low,  and  adulteration  an  innocent  pastime  when 
compared  with  the  frequency  and  magnitude  of  midday  highroad  robbery 
and  midnight  violence. 

In  the  latter  part  of  the  twelfth  century,  that  which  would  now  be 
called  crime  became  the  favourite  amusement  of  the  principal  citizens, 
u  who  would  sally  forth  by  night,  in  bands  of  a  hundred  or  more,  for  an 
attack  upon  the  houses  of  their  neighbours.  They  killed  without  mercy 
every  man  who  came  in  their  way,  and  vied  with  each  other  in  brutality. 

False  weights,  false  measures,  false  pretences  of  all  kinds  were  the 
iistruments  of  commerce  most  generally  in  use.    No  buyer  would  trust 
i  Vitruvius,  i.  ix.  c.  18.  *  Dioscorides,  iv.  65  ;  Pliny,  xx.  76. 

»  Pliny,  xviii.  29.  Pliny,  xxxiv.  6  Op.  tit. 
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the  word  of  a  seller,  and  there  was  hardly  any  class  in  which  a  man  might 
not  with  reason  suspect  that  his  neighbour  intended  to  rob  or  even  to 
murder  him."  1 

Assizes  of  Brbad — Bakers. 

§  3.  The  sale  of  bread  was  regulated  in  England  as  early  as  the  fourth 
year  of  the  reign  of  John,  by  what  was  called  the  *  Assize  of  Bread/  the 
original  object  of  which  was  to  regulate  the  price  of  bread  by  limiting  the 
profit  of  the  baker  on  each  quarter  of  wheat,  so  that  the  price  of  the  loaf 
should  bear  a  certain  proportion  to  the  price  of  the  quarter  of  wheat.  The 
assize  of  John's  reign  continued  in  force  until  1286,  when  it  was  repealed 
by  1  The  Statute  of  Assize.1 

There  were  various  modifications  of  these  assizes,  and  they  were  finally 
abolished  in  1815.  The  'Assize  of  Bread*  in  its  influence  was  probably 
the  exact  reverse  of  what  was  intended.  On  the  one  hand,  the  develop- 
ment of  trade  was  restricted  injudiciously,  and,  on  the  other,  the  bakers 
often  suffered  unjustly,  and,  therefore,  had  a  direct  inducement  to  recover 
their  losses  by  nefarious  practices.  Although,  at  the  institution  of  the 
assize,  adulteration  with  foreign  substances  was  not  the  main  object  of  the 
regulations,  yet,  as  time  went  on,  and  the  sins  of  the  bakers,  both  male 
and  female,2  accumulated,  clauses  with  regard  to  the  adulteration  of  bread 
were  inserted,  and  the  later  ones  may  be  considered  collectively  as  the 
ancient  English  'Sale  of  Food  Act.1  The  assize  of  1582s  contained  the 
following : — "  If  there  be  any  that  by  false  meanes  useth  to  sell  meale  : 
for  the  first  time  he  shall  be  grievously  punished,  the  second  tyme  he 
shall  lose  his  meale :  the  III  tyme  he  shall  foreswore  the  towne,  and  so 
likewyse  the  bakers  that  offende.  Also,  bouchers  that  sell  mesell  porke  or 
mozen  flesche  :  for  the  first  time  they  shall  be  grievously  amerced,  for  the 
second  tyme  so  offendinge  they  shall  have  the  judgement  of  the  pillory,  for 
the  third  tyme  they  shall  be  comytted  to  pryson  until  ransomed,  and  the 
fourth  tyme  they  shall  f ors were  the  towne,  and  thus  ought  other  trans- 
gressors to  be  punished,  as  cooks,  forestallers,  regrators  of  the  markets 
when  the  cookes  serve,  roste,  bake,  or  any  otherwyse  dresse,  fysche  or 
flesche  unwholesome  for  man's  body." 

The  assize  of  1634  had  some  stringent  regulations  with  regard  to 
musty  meal : — "  If  there  be  any  manner  of  person  or  persons,  which 
shall  by  any  false  wayes  or  meanes,  sell  any  meale  unto  the  lunge's  subjects, 
either  by  mixing  it  deceitfully  or  [sell  any]  musty  or  corrupted  meal, 
which  may  be  to  the  hurte  and  infection  of  man's  body,  or  use  any  false 
weight,  or  any  deceitful  wayes  or  meanes,  and  so  deceive  the  subject,  for 
the  first  offence  he  shall  be  grievously  punished,  the  second  he  shall  lose 
his  meale,  for  the  third  offence  he  shall  suffer  the  judgement  of  the  pillory, 
and  the  fourth  time  he  shall  forswere  the  towne  wherein  he  dwelleth." 

These  extracts  give  some  idea  of  the  punishments  inflicted  on  dishonest 
bakers  during  the  Middle  Ages  in  England.  First  offences  were  often 
visited  by  corporal  chastisement  and  exposure  in  the  pillory  (generally 
with  a  rope  and  a  loaf  round  the  neck) ;  fourth,  and  even  third,  convictions 

1  A  History  of  Crime,  by  Luke  Owen  Pike. 

1  The  bakers,  as  well  as  the  brewers,  were  of  both  sexes. 

*  The  title  runs;  "  Here  beginneth  the  boke  named  the  assyse  of  bread,  what  it 
ought  to  weye,  after  the  pryce  of  a  quarter  of  wheat,  also  the  assize  of  ale,  with  all 
manner  of  wood  and  cole,  lath,  bolside,  aud  tymber,  and  the  weight  of  butter  and  cheese. 
Imprynted,  by  Thomas  Wyatt,  1582." 
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were  considered  so  heinous  that  it  was  thought  better  to  cast  the  man 
forth  from  the  city  to  earn  his  livelihood  elsewhere. 

In  the  curious  paper  entitled  "  A  Quip  for  an  Upstart  Courtier," 1  there 
is  a  powerful  and  quaint  expostulation  with  the  different  traders : — "  And 
for  you  good  man  baker,  you  that  love  to  be  seen  in  the  open  market-place 
upon  the  pillory,  the  world  cries  out  on  your  wiliness :  you  crave  but  one 
deere  yeare  to  make  your  daughter  a  gentlewoman.  You  buy  your  come 
at  the  best  hand,  and  yet  will  not  be  content  to  make  your  bread  weight 
by  many  ounces.  You  put  in  yeaste  and  salt  to  make  it  heavie :  and  yet 
all  your  policie  cannot  make  it.  The  poore  crie  out,  the  riche  find  fault, 
and  the  lord  maior  and  the  sheriffs,  like  honourable  and  worshipful 
maiestratea,  every  daie  walk  abroad  and  weigh  your  bread,  and  yet  all 
will  not  serve  to  make  you  honest  men.  But  were  extremities  used  and 
the  statutes  put  in  the  highest  degree  in  practice,  you  would  have  as  few 
eares  on  your  heade  as  the  colly  er."  2 

The  manner  of  adulteration  seems  to  have  varied.8  Sometimes  the 
bread  was  made  altogether  of  ( putrid  and  rotten  materials,'  sometimes  it 
was  good  outside  and  bad  within,  and  as  for  the  addition  of  alum  or 
mineral  matters,  such  was  only  detected  wheu  in  considerable  quantity 
and  coarsely  done.  The  more  artful  mixtures  required  for  their  detection 
the  application  of  a  chemical  science  not  then  possessed.  The  following 
may  serve  as  examples  of  a  few  of  the  earlier  instances : — 

One  "  Alan  de  Lyndseye,  baker,  was  sentenced  to  the  pillory  because 
he  had  been  convicted  of  baking  pain  demayn  that  was  found  to  be  of  bad 
dough  within  and  good  dough  without,  and  because  such  falsity  redounds 
much  to  the  deceptiou  of  the  people  who  buy  such  bread." 

The  same  baker  seems  a  few  days  afterwards  to  have  been  again  in 
trouble,  for  "Alan  de  Lyndseye,  baker,  and  Thos.  de  Patimere,  baker, 
were  taken  and  brought  before  the  Mayor  and  Aldermen,  and  sentenced 
to  the  pillory  for  selling  bread  made  of  false,  putrid,  and  rotten  materials, 
through  which  who  bought  bread  were  deceived,  and  might  be  killed."  4 

A  similar  fraud  is  recorded  at  perhaps  an  earlier  date  (a.d.  1311),  for 
"the  bread  taken  from  William  de  Somereete,  baker,  on  the  Thursday  next 
before  the  Feast  of  St.  Lawrence  (Aug.  10)  in  the  5th  year  of  the  reign 
of  King  Edward  II.  was  examined  and  adjudged  upon.  .  .  .  Because  it 
was  found  that  such  bread  was  putrid  and  altogether  rotten,  and  made  of 
putrid  wheat,  so  that  persons  eating  that  bread  would  be  poisoned  and 
choked,  the  Sheriff  was  ordered  to  take  him  and  have  him  here  on  Friday 
next  after  the  Feast  of  St.  Lawrence,  then  to  receive  judgment  for  the 
same."  ft 

Mr.  Pike,  in  his  Hutory  of  Crime*  speaks  of  loaves  being  adulterated 
in  the  Middle  Ages  by  lumps  of  iron,  probably  referring  to  the  following 
case  : — "  On  Wednesday  next  after  the  Feast  of  St.  Matthew  the  Apostle 

1  The  "  Quip  for  an  Ujwtart  Courtier  "  was  written  in  1592.  The  original  is  in  black 
letter. 

*  The  sanitary  state  of  the  bakehouses  in  the  fifteenth  and  sixteenth  centuries  was, 
as  a  rule,  bad.  According  to  Mr.  Pike,  they  apj>ear  to  have  been  the  favourite  receptacle 
for  dead  bodies  after  a  murder  had  been  committed.  A  History  of  Crime ,  by  Luke 
Owen  Pike,  M.A.,  Vol.  I.  p.  256. 

*  In  the  reign  of  Edward  I.  it  was  enacted  at  one  of  the  c  Hall  mots/  that  no  bread 
should  be  coated  with  brau,  or  so  as  to  be  found  worse  when  broken  than  it  was  on  the 
outside. 

4  Memories  of  London,  by  H.  T.  Riley,  pp.  120,  121. 

*  Op.  cit.  «  Vol.  I.  p.  237. 
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(11th  of  Sept.,  a.d.  1387),  in  the  11th  year,  Richard  Porter,  servant  of 
John  Gibbe,  baker,  of  Stratforde,  was  brought  here  before  Nicholas  Extone, 
Mayor  of  the  said  city,  John  Hafile,  and  other  Aldermen,  and  questioned 
for  that  when  the  same  Mayor  on  that  day  went  into  chepe  to  make  assay 
there  of  bread,  according  to  the  custom  of  the  city,  he,  the  said  Robert, 
kuowing  that  the  bread  of  his  master  in  a  certain  cart  there  was  not  of  full 
weight,  took  a  penny  loaf,  and  in  it  falsely  and  fraudulently  inserted  a 
piece  of  iron  weighing  about  6s.  8d.  (4  oz.),  with  intent  to  make  the  said 
loaf  weigh  more.  ...  He  was  sentenced  to  the  pillory  with  the  loaf  and 
iron  round  his  neck,  and  the  cause  of  the  punishment  was  proclaimed 
by  the  Sheriffk  " 1  But  the  placing  of  a  mass  of  metal  in  a  loaf  under  the 
circumstances  recorded  is  somewhat  different  from  adulteration,  for  the 
man  slipped  in  the  iron  to  avoid  a  conviction  for  false  weights. 

Brewers  and  Vintners. 

§  4.  Beer. — The  fraudulent  practices  of  the  early  brewers  are  thus 
detailed  in  the  Black-letter  Tract  before  mentioned  : — "  And  you,  maister 
brewer,  that  growe  to  be  worth  forty  thousand  pounds  by  selling  of  soden 
water,  what  subtilty  have  you  in  making  your  beere  to  spare  the  malt,  and 
put  in  the  more  of  the  hoppe,  to  make  your  drinke,  be  barley  never  so 
cheape,  not  a  whit  the  stronger,  and  yet  never  sell  a  whit  the  more  measure 
for  money.  You  can  when  you  have  taken  all  the  harte  of  the  malt  away, 
then  clape  on  store  of  water,  'tis  cheape  enough  !  and  mashe  out  a  turning 
of  small  beere,  like  rennish  wine :  in  your  conscience  how  many  barrel 
draw  you  out  of  a  quarter  of  malt  1  Fie  !  fie !  I  conceal  your  falsehood, 
least  I  should  be  too  broad  in  setting  down  your  faults."  Not  only  the 
brewer  but  the  retailer  of  the  beer  was  also  condemned. 

"  Last  to  you,  Tom  Tapster,  that  take  your  small  Cannes  of  beere,  if 
you  see  your  guests  begin  to  be  drunke,  halfe  smal  and  halfe  stronge ;  you 
cannot  be  content  to  pinch  with  your  small  pottes  and  your  ostrie  faggots, 
but  have  your  drugges  and  draw  men  on  to  villany  and  to  bring  customers 
to  your  house,  where  you  sell  a  joint  of  meat  for  xii.  pence  that  cost  you 
scarce  six,  and  if  any  chance  to  go  on  the  skore,  you  skore  him  when  he  is 
asleep  and  set  up  a  pot  a  day  more  than  he  hath,  to  find  you  drinking  pots 
with  your  companions.    To  be  short,  thou  art  a  knave  ! " 

As  early  as  the  reign  of  Edward  the  Confessor,  we  find  it  recorded  in 
Domesday  Book  that  in  the  city  of  Chester  a  knavish  brewer,  "  malam 
cerevisiam  faciens,  in  cathedra  ponebatur  stercoris" — in  other  words,  the 
offender  was  taken  round  the  town  in  the  cart  in  which  the  refuse  of  the 
place  had  been  collected,  and  to  this  degradation  was  often  added  corporal 
chastisement. 

In  many  towns  in  the  sixteenth  century  we  find  '  ale -tasters,'  whose 
duty  it  was  to  inspect  the  beer. 

In  1529,  for  example,  the  Mayor  of  Guildford  ordered  that  the  brewers 
make  a  good  useful  ale,  and  that  they  sell  none  until  it  be  tasted  by  the 
'ale-taster.'  These  officials  had  to  take  the  following  oath: — "You  are 
chosen  ale-tasters  of  this  town.  You  shall  well  and  truly  serve  his  Majesty 
and  this  town  in  the  same  office.  You  shall  at  all  times  try,  taste,  and 
assize  the  beer  and  ale  to  be  put  to  sale  in  this  liberty,  whether  the  same 
be  wholesome  for  man's  body,  and  present  those  that  offend,  or  refuse  to 

1  Riley's  AlcinoriaU  of  London^  p.  4$$. 
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suffer  you  to  assay  it.  You  shall  give  your  attendance  at  all  courts,  and 
present  from  time  to  time  the  offenders,  and  all  things  else  belonging  to 
your  office  you  shall  do  and  execute.  So  help  you  God."  The  ale  was 
not  only  tasted,  but  some  of  it  was  spilt  on  a  wooden  seat,  and  on  the  wet 
place  the  taster  sat,  attired  in  leathern  breeches,  then  common  enough.  If 
sugar  had  been  added  to  the  beer,  the  taster  became  so  adherent  that 
rising  was  difficult ;  but  if  sugar  had  not  been  added,  it  was  then  considered 
that  the  dried  extract  had  no  adhesive  property.  A  less  coarse,  but  not 
dissimilar,  method  was  also  applied  by  the  earlier  Inspectors  to  test  the 
purity  of  milk. 

§  5.  Wine. — The  frauds  of  the  vintners  or  wine-sellers  attracted  some 
share  of  public  attention  in  the  sixteenth  and  seventeenth  centuries,  as 
shown  by  municipal  records,  fugitive  tracts,  and  broadsides.  In  August 
1553  a  certain  Paul  Barnard o  brought  into  the  port  of  London  some  wine, 
aud  there  is  extant  an  order  in  council  directing  the  Lord  Mayor  to  find 
five  or  six  vintners  to  rack  and  draw  off  the  said  pipes  of  wine  into  another 
vessel,  and  to  certify  what  drugs  or  ingredients  they  found  in  the  said  wine 
or  cask  to  sophisticate  the  same.1  At  a  later  date  the  records  of  the  Common 
Council  contain  a  certificate  from  the  Lord  Mayor  to  the  Lords  of  the  Council, 
stating  that  the  wines  of  a  certain  '  Peter  Van  Payne '  had  been  drawn  off 
in  his  presence,  and  that  in  eight  of  the  pipes  had  been  found  bundles  of 
weeds,  in  four  others  some  quantities  of  sulphur,  in  another  a  piece  of 
match,  and  in  all  of  them  a  kind  of  gravel  mixture  sticking  to  the  casks ; 
that  they  were  conceived  to  be  unwholesome  and  of  a  nature  similar  to 
others  formerly  condemned  and  destroyed.2  In  The  Search  after  Claret 
by  Richard  Ames,  a  thin  quarto,  the  last  leaf  is  occupied  by  the  following 
advertisement : — "  If  any  vintner,  wine-cooper,  etc.,  between  Whitechapel 
and  Westminster  Abbey,  have  some  tuns  or  hogsheads  of  old  rich  un- 
adulterated claret,  and  will  sell  it  as  the  law  directs  for  sixpence  a  quart, 
this  is  to  give  notice  that  he  shall  have  more  customers  than  half  his  pro- 
fession, and  his  house  be  as  full  from  morning  to  night  as  a  conventicle  or 
Westminster  Hall  the  first  day  of  term."8 

Later,  the  vintners  became  more  scientific  in  their  operations.  Addison 
(in  the  Tatler,  No.  131,  1710)  alluded  to  a  certain  fraternity  of  chemical 
operators  who  wrought  underground  in  holes,  caverns,  and  dark  retirements 
to  conceal  their  mysteries  from  the  eyes  and  observations  of  mankind. 
"  These  subtle  philosophers  are  daily  employed  in  the  transmutation  of 
liquors,  and  by  the  power  of  magical  drugs  and  incantations  raise  under 
the  streets  of  London  the  choicest  products  of  the  hills  and  valleys  of 
France ;  they  squeeze  Bordeaux  out  of  the  sloe,  and  draw  Champagne  from 
an  apple/' 

Spicks — Drugs. 

§  6.  The  London  pepperers,  or  spicers,  formed  a  separate  guild,  and  were 
under  special  ordinances.  The  ordinance,  a.d.  1316,  in  Norman-French, 
has  the  following  regulations : — "  No  one  of  the  trade  or  other  person  in 
his  name  for  him,  shall  mix  any  manner  of  wares,  that  is  to  say,  shall  put 
old  things  with  new,  or  new  things  with  old,  by  reason  whereof  the  good 

1  Bemembrancia,  vii.  92. 

1  Bemcmbrancia,  viii.,  12th  July  1635. 

•  "The  Search  after  Claret,  or  a  Visitation  of  the  Vintners."  A  poem  in  two 
tos.   Second  ed.,  London,  1697,  4 to. 
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thing  may  be  impaired  by  the  old,  nor  yet  things  of  one  price,  or  of  one 
sort,  with  other  things  of  another  sort ;  also,  that  no  man  shall  dub  any 
manner  of  wares,  that  is  to  say,  by  putting  in  a  thing  that  was  in  another 
bale,  and  then  dressing  the  bale  up  again  in  another  manner  than  the 
former  in  which  it  was  first  bought,  so  as  to  make  the  ends  of  the  bale 
contain  better  things  than  the  remainder  within  the  bale,  by  reason 
whereof  the  buyer  may  be  deceived,  and  so  lose  his  goods.  Also  that  no 
man  shall  moisten  any  manner  of  merchandise,  such  as  saffron,  alum,  ginger, 
cloves,  and  such  manner  of  things  as  may  admit  of  being  moistened ;  that 
is  to  say,  by  steeping  the  ginger,  or  turning  the  saffron  out  of  the  sack 
and  then  anointing  it,  or  bathing  it  in  water ;  by  reason  whereof  any 
manner  of  weight  may,  or  any  deterioration,  arise  to  the  merchandise.1 

In  England  the  trades  of  the  druggist  and  the  grocer  were  combined. 
Drugs  and  groceries  were  sold  in  the  same  shop,  and  they  were  under  the 
same  regulations  until  1617,  when  the  apothecaries  separated  themselves 
from  the  grocers.  Very  soon  after  they  had  become  a  distinct  body  they 
began  to  complain  of  the  frauds  and  artifices  of  the  grocers,  from  whom 
they  continued  to  be  supplied  with  many  drugs,  and  therefore  established 
a  dispensary  for  the  purpose  of  compounding  the  more  important  prepara- 
tions themselves.  In  1540  the  physicians  were  empowered  to  search,  view, 
and  see  the  apothecary  wares  and  stuffs,  and  to  destroy  such  as  they  found 
unfit  for  use.  In  1553  very  extensive  powers  were  conferred  on  the 
College  of  Physicians  for  this  purpose.  "  The  four  censors,  or  any  three  of 
them,  shall  have  authority  to  examine,  survey  or  govern,  correct  and 
punish  all  and  singular  physicians  and  practisers  in  the  faculty  of  physic, 
apothecaries,  druggists,  distillers,  and  sellers  of  waters  and  oils,  and  preparers 
of  chemical  medicines,  according  to  the  nature  of  his  or  their  offences." 
The  great  power  of  the  censors  was  on  more  than  one  occasion  abused.  In 
1724,  for  example,  they  burnt  the  drugs  of  one  '  Goodwin,'  the  drugs  not 
having  been  examined,  and  the  history  of  the  whole  affair  showing  that 
the  act  was  merely  a  gratification  of  private  spite.  Goodwin  petitioned 
Parliament,  and  ultimately,  it  is  said,  obtained  £600  compensation. 

The  College  of  Physicians  compiled  the  first  Pharmacopeia,  and 
published  it  in  1613.  Subsequent  editions  bear  the  dates  of  1621,  1632, 
1650,  etc.  As  may  be  expected,  the  early  editions  contain  lists  of  very 
absurd  and  superstitious  remedies,  and  have  no  pretensions  to  a  scicutifie 
character.2 


II. — ADULTERATION  IN  FRANCE. 

§  7.  In  France,  from  very  early  times,  the  general  supervision  of  pro- 
visions, as  to  purity  and  quality,  and  the  inspection  of  weights  and 
measures,  were  under  the  'police  des  commissaire.s,1 8  and  various  special 
statutes  were  enacted  from  time  to  time.  Thus  an  ancient  statute  (1292) 
of  the  Paris  brewers  forbade  the  adulteration  of  beer ;  "  whoever  put  into 

1  Riley's  Memorials  of  London,  p.  120. 

a  See  Historical  Sketch  of  tlie  History  of  Pharmacy,  by  Jacob  Bell.    London,  1861. 

8  "  La  police  des  commissaires  .  .  .  .  il  est  de  leurs  sains  defaire  punir  le  dibit  des 
vivres  corrumpus,  alterez,  falsificz,  Us  faux  poids  et  les  faux  mcsures." — TraiU  de  la 
Police  de  la  Mare,    Tom.  i.  liv.  i.  titre  xi.,  chap.  vi. 
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beer  baye,  pimento  or  €  poix  resine '  was  to  be  fined  20  franca,  and  his 
bramns  were  to  be  confiscated,  for  such  things  are  neither  good  nor  loyal 
to  put  in  beer,  for  they  are  bad  for  the  head  and  for  the  body,  for  the 
healthy  and  the  sick."  A  later  statute,  dated  March  16,  1630,  among 
various  sanitary  provisions,  forbade  the  use  of  buckwheat,  "yvtoye  or 
other  bad  matters  under  a  penalty  of  40  Parisian  pounds."  Judges  were 
also  to  examine  the  materials  before  use,  in  order  to  see  that  there  was 
nothing  in  them  impure,  heated,  mouldy  or  spoiled.  If  such  were  found, 
the  materials  were  to  be  cast  into  the  river.1 

§  8.  Flour  and  Bread. — There  were  various  special  regulations  as  to 
flour  and  bread ;  by  an  Ordonnance  of  the  Provost  of  Paris,  October  1 1, 
1 382,  the  miller  was  to  grind  the  corn  without  mixing  it,  to  increase  his 
fee,  with  bran,  pease,  beans,  or  anything  else  save  that  which  had  been 
given  him  to  grind.2  Later,  by  a  decree  dated  July  13,  1420,  the  bakers 
were  forbidden  to  be  millers,  it  being  thought  that  if  they  ground  the 
wheat  as  well  as  made  it  into  bread,  there  would  be  facilities  for  fraudulent 
dealing.  The  punishment  of  bakers  for  false  bread — whether  the  falseness 
were  admixture  of  foreign  substances,  the  use  of  damaged  flour,  or  simply 
light  weight — was  very  similar  to  that  of  English  bakers,  except  that  it 
partook  more  of  the  character  of  a  religious  penance.  Thus,  in  1525,  a 
baker  convicted  of  *  false  bread '  was  condemned  by  the  court  to  be  taken 
from  the  Chatelet  prison  to  the  cross  before  the  '  Eglise  des  Cannes,'  and 
thence  to  the  gate  of  Notre  Dame  and  to  other  public  places  in  Paris,  in 
his  shirt,  having  the  head  and  feet  bare,  with  small  loaves  hung  from  his 
neck,  and  holding  a  large  wax  candle  lighted,  and  in  eacli  of  the  places 
enumerated  he  was  to  make  *  amende  honorable/  and  ask  mercy  and  pardon 
of  God,  the  king,  and  of  justice  for  his  fault.8  False  weights  were  also 
often  punished  by  corporal  punishment.  In  1491  the  case  of  three  bakers 
is  recorded,  who,  having  been  convicted  of  selling  loaves  *  too  small/  were 
stripped  and  beaten  with  rods  through  the  streets  of  Paris,  and  were  ad- 
monished for  the  future  to  sell  the  three  kinds  of  bread  ordered  by  the  law, 
of  the  weight  and  quality  they  ought  to  be.4  In  still  later  times,  we  find 
the  practice  of  the  courts  remarkably  severe.  In  1699  a  baker  named 
Pasquier  was  convicted  of  converting  into  bread  bad  and  unwholesome 
flour.  Sacks  filled  with  good  flour  and  others  filled  with  bad  had  been 
found  on  his  premises,  and  it  was  affirmed  that  he  had  mixed  the  two 
together.  He  was  fined, 500  livres,  his  oven  demolished,  and  his  shop 
elosed  for  six  months,  with  a  placard  upon  it  stating  the  crime  and  the 
punishment.5 

§  9.  Wine. — A  curious  decree  of  the  provost  of  Paris,  in  1371,  compelled 
the  tavern-keepers  to  permit  any  one  who  purchased  wine,  whether  to  be 
drunk  on  the  premises  or  taken  away,  himself  to  see  the  wine  drawn  from 

1  <{  La  police  des  eommissaircs  visUoient  les  Marchez,  et  il  estoit  dc  leurs  soins  oVy 
procurer  Vabondance  des  vivres  et  des  autres  provisions  nicessaires  a  la  subsistance  des 
cUt/ycns,  lis  empechoient  quyil  ne  s'y  eommist  aucune  fraude,  soil  en  la  qualiti  ou  au  priz, 
soil  au  poids  ou  en  la  inesurc,  Us  estoient  principalement  charges  dc  se  donner  tons  les 
soins  a  Vigard  des  grains,  du  pain,  de  la  viande,  et  du  vin."   Loc.  cit. 

3  "  Que  nul  tncusnier  ne  soit  si  osf  nc  si  hardy  sur  quanquc  il  se  pcut  mtfaire  enters 
le  roy,  en  corps,  et  en  Mens,  de  meslcr,  inetire  ou  fair  mcttre  en  aucune  manitre  es/arines 
des  blez  quUs  vwudront  aucune  mixtion  ou  vieslce,  pour  rendre  plus  grande  mouturct 
comme  de  bran,  d?orget  de  pois,  de  fives,  ou  autres  choscs  quelconques,  qui  ne  soil  du  bU 
qui  leur  sera  bailli." — TraiU  de  la  Police,  t.  ij.  liv.  v.  titre  ix. 

3  TraiU  de  la  Police,  tome  ii.  livre  v.  titre  xii. 

4  Op.  cit.,  tome  ii.  livre  v.  titre  xii. 

8  Op.  cit. ,  t.  i.  livre  iv.  titre  iv. ,  p.  570. 
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the  cask.  The  penalty  was,  for  neglect  or  disobedience  to  this  law,  four 
Parisian  pounds,  one-fourth  of  which  went  to  any  informer. 

An  Ordonnance  of  January  30,  1330,  forbade  the  mixing  of  two  wines 
together ;  no  wine-seller  was  to  give  a  false  name  to  a  wine,  or  to  give  a 
wrong  description  of  its  age ;  the  penalty  was  confiscation  of  the  wine  and 
a  fine.  Similar  edicts  were  promulgated  in  1415,  1635,  and  1672.  Still 
the  evil  did  not  diminish,  and  in  1708  two  hundred  inspectors  of  wine  and 
•drinks  were  appointed  in  Paris. 

The  'Baillie'  of  Bergheim,  in  1718,  had  condemned  to  a  month's 
imprisonment  one  Andr6,  who  had  falsified  his  wine  with  some  poisonous 
plant  (probably  belladona),  and  his  wife,  who  had  sold  the  wine,  to  a 
month's  imprisonment,  and  a  fine  of  130  livres.  This  wine  caused  the 
•death  of  one  person,  and  the  illness  of  several  who  had  partaken  of  it. 
The  sentence  having  been  annulled  on  the  appeal  of  the  condemned  to  the 
Superior  Council  of  Alsace,  Andr6  and  his  wife  were  ultimately  ordered  to 
be  led  by  two  sergeants  for  one  day  through  the  streets  of  Bergheim, 
carrying  placards  both  before  and  behind,  with  'frelateurs  de  vin  '  printed 
thereon.  They  had  also  to  pay  30  livres  fine,  "pour  /aire  prier  Dieu  pour 
It  repos  de  I'dme  du  defunt"  and  the  fine  of  130  livres,  pronounced  by  the 
first  judge.  The  council  promulgated  a  very  severe  decree  directed 
against  such  practices. 

It  was  also  forbidden  to  adulterate  wine  with  litharge,  Indian  wood, 
isinglass,  *  raisin  de  b<ri&J  or  other  drugs,  or  mixtures  capable  of  injuring 
the  health  of  those  who  drank  the  wine,  under  a  penalty  of  500  livres  and 
corporal  punishment.  Even  the  possession  of  matters  likely  to  be  used 
for  adulteration  was  an  offence.  So  late  as  1710,  one  Denys  Porcher  and 
his  wife  were  convicted  of  conveying  barrels  of  '  vin  de  raisin  de  bois  *  into 
Paris.  They  were  fined  30  livres,  the  four  barrels  of  wine  were  spilt  on 
the  pavement,  and  the  sentence  placarded  in  Paris  and  various  places 
around. 

§  10.  Butter. — An  Ordonnance1  of  the  provost  of  Paris,  dated 
November  25,  1396,  forbade  the  colouring  of  butter  with  'saucy  flowers,' 
other  flowers,  herbs,  or  drugs.  Old  butter,  likewise,  was  not  to  be  mixed 
with  new,  but  the  sale  was  to  be  separate,  under  penalty  of  confiscation 
and  fine. 

The  ancient  laws  of  the  merchant  butter-sellers  and  fruiterers,  confirmed 
in  1412,  reiterated  the  above,  and  also  forbade  the  stile  of  butter  in  the 
same  shop  in  which  fish  was  sold.  The  retail  or  sale  of  butter  by  spicers, 
chandlers,  apothecaries,  and  generally  by  all  carrying  on  offensive  trades, 
was  made  illegal.    A  subsequent  enactment  in  1519  confirmed  this  law. 

§11.  Drugs.— The  drug-sellers  were  also  under  regulation,  and  without 
doubt  their  practices,  with  regard  to  sophistication,  were  quite  on  a  par  with 
those  of  other  trades.  Gargantua  in  Paris  is  made  to  visit  the  shops  of 
druggists,  herbalists,  and  apothecaries,  where  he  "diligently  considered 
the  fruits,  roots,  leaves,  gums,  seeds,  the  grease  and  ointment  of  some 
foreign  parts,  as  also  how  they  did  adulterate  them — t.e.,  all  the  said 
drugs."2 

In  the  Middle  Ages  the  French  apothecaries  were  at  first  confounded 
and  amalgamated,  as  in  England,  with  the  merchant  spicers;  but  in  1777 
the  two  trades  were  separated,  and  they  formed  a  definite  body.  In  the 
fifteenth  century  the  shops  were  little  more  than  open  booths,  as  may  be 

1  Traite  de  la  Police,  tome  i.  livre  iv.  titre  ix. 

2  Rabelais,  exxiv.  p.  53. 
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seen  from  a  miniature  in  1  Le  Regime  des  Princes,'  a  manuscript  of  the 
fifteenth  century,  preserved  in  the  Arsenal  Library,  Paris. 

Philip  VI.,  as  early  as  1336,  issued  a  regulation  by  which  no  one  could 
be  an  apothecary  unless  he  was  a  born  or  naturalised  Frenchman,  and  a  , 
good  Catholic.  According  to  the  law,  neither  the  spicers  nor  the 
apothecaries  were  permitted  to  employ  in  the  preparation  of  their 
medicines,  drugs,  confections,  conserves,  oils,  or  syrups,  any  sophisticated 
or  exhausted  or  corrupted  drugs,  under  penalty  of  a  fine  of  fifty  livres,  and 
the  seizure  and  burning  of  the  merchandise  thus  adulterated  in  front  of 
the  dwelling  in  which  it  had  been  found. 

Charles  VIII.  released  the  apothecaries  from  some  of  the  strict  regula- 
tions of  earlier  times,  and  both  he  aud  his  successors  were  the  authors  of 
many  edicts  relative  to  the  apothecaries  and  spicers ;  besides  which  these 
trades  were  regulated  by  local  enactments  in  different  towns. 

§  12.  Conseils  de  Salubrite.—ln  1802  the  '  Conseil  de  ScUubriti9  was 
established  in  Paris.  It  originally  consisted  of  only  four  members,  and 
took  cognisance  of  adulteration,  epizootics,  unhealthy  trades,  and  a  little 
later  of  the  administration  of  prisons  and  public  charities.  Afterwards  the 
Conseil  had  the  direction,  generally  speaking,  of  public  hygiene. 

The  Conseil  de  Salubrite  of  the  Seine  in  its  later  development  was  com- 
posed of  fifteen  titular  and  six  supplementary  members,  including  also 
several  honorary  members,  with  others,  who,  by  virtue  of  their  office,  were 
members  of  the  committee.  These  were,  the  Dean,  the  Professors  of 
Hygiene,  of  Legal  Medicine,  and  of  the  Faculty  of  Medicine,  a  Member  of 
the  '  Conseil  de  Sante  des  ArmeesJ  the  Director  of  the  School  of  Pharmacy, 
the  General  Secretary  of  the  Prefecture  of  Police,  the  Inspector-General  of 
the  bridges  and  causeways,  besides  engineers,  architects,  and  the  chiefs  of 
the  police  departments.  Most  of  the  provinces  followed  the  example  of  the 
capital,  and  established  '  Conseils  de  ScUubritc.1  All  these  boards,  whether 
provincial  or  Parisian,  had  one  essential  feature  in  common — viz.,  that  the 
medical,  veterinary,  and  chemical  professions  were  always  represented  on 
them.  Whatever  expert  a  town  possessed  would  probably  have  a  voice, 
and  find  a  seat  in  the  '  Conseil  de  SaluMbV  From  these  health  boards, 
or  committees,  very  excellent  reports  have  emanated,  and  they  continue  at 
the  present  time  to  do  useful  work. 


III. — ADULTERATION  IN  GERMANY. 

§  13.  If  we  turn  to  the  records  of  Germany,  we  find  that  all  those  who 
adulterated  foods  or  drinks  in  the  Middle  Ages  were  punished  severely,  with 
painful  and  dishonouring  penalties,  such  as  public  exposure  of  the  fraud 
and  whipping  at  the  gate.  The  earliest  regulations 1  related  more  to  the 
goodness  of  the  work  and  the  general  quality  of  the  goods  produced  than 
to  adulteration.  Every  considerable  trade  was  a  little  corporation,  and 
bad  workmanship  or  falsity  in  the  goods  offered  was  an  offence  against 
the  guild  itself;  the  member  was  consequently  expelled  or  punished  by 

1  A  small  work,  Der  Kampf  gegen  die  Lebensmittelfalschung  von  Ansgang  des  MUUl- 
alters  zum  Ende  des  18.  Jahrhunderts,  bv  L.  Wassermann,  Mainz,  1879,  contains  some 
very  interesting  particulars  with  regard  to  the  regulations  in  practice  in  the  Middle 
Ages,  both  as  to  General  Hygiene  and  the  Adulteration  of  Food. 
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the  officers  of  the  guild.  For  example,  in  1272  the  two  sworn  masters  of 
the  bakers'  guild  at  Berlin  were  held  responsible  for  seeing  that  good 
bread  was  baked.  The  tailors  of  Berlin  and  the  bakers  of  Basil  excluded 
a  man  for  ever  from  their  respective  guilds  if  guilty  of  bad  workmanship 
(1333).  The  Berlin  weavers,  not  quite  so  severe,  excommunicated  the 
offender  against  their  regulations  for  one  year  (1295).  The  false  butcher 
at  Augsburg  (1276)  was  expelled  from  the  city  for  a  month.  In  Nurem- 
berg almost  everything  was  regularly  inspected ;  there  was  a  '  Backerschau,' 
a  'Safranscliau,'  and  a  '  Schau,  with  regard  to  brandy,  drugs,  syrup,  hops, 
roses,  tobacco,  iron,  meat,  salt-fish,  honey,  leather,  and  many  other  things. 
It  was  at  a  '  Safranschau'  in  1444,  that  one  Jobst  Fendeker  was  burnt, 
together  with  his  false  saffron,  and  in  the  following  year  two  men  and  a 
woman  were  buried  alive  there  for  the  same  offence.1 

In  all  the  cities  of  Germany  there  were  copious  regulations  with 
regard  to  three  things — bread,  wine,  and  drugs. 

§  14.  Bread. — In  Nuremberg,  in  the  fifteenth  century,  the  baker  was 
not  allowed  to  mix  the  different  kinds  of  corn,  which  must  be  baked 
separately.  In  Augsburg,  it  would  appear  that  there  were  no  less  than 
six  different  kinds  of  bread.2  The  punishments  for  offending  bakers  were 
various.  In  some  places  the  delinquent  was  put  in  a  basket  at  the  end  of 
a  long  pole  and  ducked  in  a  muddy  pool,  similar  treatment  to  that  which 
in  England  befell  'the  Scolds.' 

§  15.  Wine, — According  to  an  old  Augsburg  chronicle,  it  was  in  1453 
that  the  adulterated  wine  of  the  Franks  first  appeared  in  that  city ;  but 
there  is  abundant  evidence  to  show  that  wine  had  been  tampered  with 
previously,  and  in  1 390,  one  Ludwig  von  Langenhaus  was  sentenced  to  be 
led  out  of  the  city  with  his  hands  bound  and  a  rope  round  his  neck, 
because  of  his  practices  in  the  adulteration  of  wine.  In  1 400  two  wine- 
sellers  were  branded  and  otherwise  severely  punished,  and  about  the  same 
period  a  special  law  enacted  forbidding  the  sulphuring  of  casks,  the 
colouring  of  wine,  or  the  addition  of  sugar,  honey,  or  other  sweet  things. 
In  the  year  1435,  says  the  old  chronicle,  "were  the  taverner  Christian 
Corper  and  his  wife  put  on  a  cask  in  which  he  had  sold  false  wine,  and 
then  exposed  in  the  pillory.  The  punishment  was  adjudged  because  they 
had  roasted  pears,  and  put  them  into  new  sour  wine,  in  order  to  sweeten 
the  wine.  Some  pears  were  hung  round  their  necks  like  unto  a  Pater- 
noster."   It  further  appears  that  they  narrowly  escaped  being  burnt. 

In  1451  the  city  of  Cologne  made  a  strong  representation  to  the 
governing  body  at  Antwerp  on  the  prevalent  adulterations  of  wine.  At 
Biebrich  on  the  Rhine,  in  1482,  a  falsifier  of  wine  was  condemned  to 
drink  six  quarts  of  his  own  wine.  He  died  from  the  effects.8  In  the 
fifteenth  century  at  Ulm,  every  tavern  keeper  had  to  appear  at  stated 
times  before  the  sheriff  (Stadtrechner 4)  and  swear  that  neither  he,  his 
wife,  his  children,  nor  any  one  else  in  his  name,  had  mixed  with  the  wine, 
woad,  or  extract  of  woad,  chalk,  mustard-seed,  clay,  '  Scharlachkraut,' 
must  of  apples,  lead,  mercury  or  vitriol ;  no  water  might  be  added,  and 
the  same  wine  was  to  be  retailed  as  bought.    The  Stadtrechner  had  also  to 

1  Henry  II.  of  France  enacted  that  if  saffron  was  adulterated,  the  offenders  should 
be  punished  by  corporal  chastisement,  the  drugs  confiscated  and  burnt 

*  Maurer,  OeschiohU  der  Stadtverfassung  in  DeuUchland,  Bd.  III.,  s.  24. 

*  In  some  places  in  very  early  times,  the  regular  legal  penalty  was  capital  punish- 
ment ;  for  example,  in  1269,  the  law  of  Ripen  punished  the  seller  of  false  honey  and 
wax  with  death. 

4  Perhaps  ' Stadtrechner'  might  l>e  translated  '  Mayor.' 
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see  that  no  sour,  ropy,  or  otherwise  bod  wine  was  sold.  In  the  same  town 
an  Ordonnance  of  1490  decreed,  that  since  adulteration  was  most  readily 
practised  by  putting  substances  into  the  cask,  no  cask  was  henceforth  to 
be  closed  up  save  by  the  sworn  cooper,  who,  on  finding  anything  amiss, 
was  to  give  information;  penalty  for  default,  a  guilder. 

In  the  fourteenth  century  Nuremberg  was  a  great  centre  of  the  win© 
trade ;  consequently  in  that  city  there  were  very  many  regulations  against 
adulteration  of  wine,  but  they  were  similar  to  those  already  mentioned. 
At  Frankfort-on-the-Maine,  on  false  wine  being  found,  the  cask  was  placed 
on  the  knacker's  cart,  and  a  red  flag  displayed,  with  the  inscription 
'  stummer  WeinJ  that  is,  mute  or  dumb  wine.  The  jailer  marched  before, 
the  rabble  after,  and  when  they  came  to  the  river  they  broke  the  cask 
and  tumbled  the  stuff  into  the  stream.1  About  the  same  date,  wine  is 
said  to  have  been  sophisticated  with  the  following  substances :  earth,  eggs, 
albumen,  argol,  mustard,  salt,  burnt  salt,  sweet  milk,  brandy,  almond  milk, 
wheat  flour,  clay,  and  several  other  things. 

In  the  early  part  of  the  seventeenth  century,  a  circumstance  happened 
in  Wurtemberg  which  led  to  some  stringent  regulations  with  regard  to 
metallic  contamination  of  wine.  A  number  of  people  having  been  seized 
with  colic,  paralysis,  and  other  symptoms  of  poisoning  by  lead,  it  was 
noticed  that  all  those  attacked  drank  one  particular  species  of  wine  only ; 
and  on  investigation  the  epidemic  was  discovered  to  be  due  to  the  con- 
tamination of  the  wine  by  the  use  of  metallic  fastenings  to  the  casks.  The 
occurrence  is  related  by  Gockelius,2  who  styles  the  disease  '  WeinkrankheUS 

§  16.  Drugs. — Those  who  sold  drugs,  roots,  spices  and  the  like,  were 
strictly  supervised,  and  in  the  reign  of  Frederick  the  Second  of  Prussia 
the  examination  of  drugs  was  made  a  special  calling,  the  inspectors  being 
appointed  by  the  king. 

In  Augsburg,  Frankfort,  and  a  few  other  places,  the  trade  in  medicine 
was  taxed.  By  virtue  of  this  tax  the  druggists  and  doctors  enjoyed  a 
monopoly,  and  medicines  were  forbidden  to  be  sold  by  other  trades. 

In  the  seventeenth  century  there  were  committees  of  doctors,  whose 
duty  it  was  to  inspect  the  druggists,  and  from  the  committees — as  in 
London,  so  on  the  Continent — originated  the  pharmacopoeias.  Thus 
Pharmacopceia  Antwerpiensi^  1661;  P.  Utrajectina,  1664;  P.  Amsteloda- 
mensis,  1668 ;  Antidotarium  Bononiense,  1674 ;  Reijia  Ghemica  et  Galenica, 
Geneva^  1681,  etc.3 


IV. — HISTORY  OF  ENGLISH  LEGISLATION  IN  REFERENCE 
TO  THE  ADULTERATION  OF  FOOD. 

§  17.  The  first  General  Act  in  this  country  was  the  Act  of  1860, 
previous  to  which  date  individual  articles,  such  as  tea,  coffee,  chicory,  beer, 

1  The  article  for  sale  was  sometimes  merely  forbidden  to  be  sold :  this  was  especially 
the  case  with  importations  from  other  countries.  For  example,  at  Cologne,  in  1483. 
casks  of  butter  imported  from  England,  which  were  found  to  contain  a  mixture  of  old 
and  new,  were  not  allowed  to  enter  the  market.  In  like  manner  false  oil  was  excluded 
from  the  city. 

2  Bcschreibung  der  Weinkrankheit,  1637. 

8  The  dukes  of  Saxony  regulated  the  trade  of  druggist  as  early  as  1607.  J.  Guillaume 
published  Rdgtoncnts  cntre  les  mtdecins  et  Us  apothicaires  pour  la  visile  des  drogues, 
D^jon,  1605.  Thomas  Bartolin  edited  the  work  of  Licetti  Benanci :  Dcclaraiw  fraudum 
quae  apud  pharmacopcos  committuntur,  Franc.  1667  and  1671,  8vo. 
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and  wine  were  legislated  for  by  special  statutes,  the  object  of  which  was, 
for  the  most  part,  to  prevent  the  defrauding  of  the  revenue  ;  the  health  of 
the  purchaser,  aud  the  injury  done  to  him,  being  somewhat  less  considered, 
although  not  lost  sight  of. 

§  18.  Bakers — Bread. — An  Act  in  the  reign  of  George  IV.  was  directed 
particularly  against  the  use  of  alum.  Bakers,  either  journeymen  or 
masters,  using  alum,  and  convicted  on  their  own  confession  or  on  the  oath 
of  one  or  two  witnesses,  were  to  forfeit  a  sum  not  exceeding  £20,  and  not 
less  than  £5 ;  if  beyond  the  environs  of  London,  a  sum  not  exceeding  £10, 
nor  less  than  £3.  If  within  London  or  its  environs,  the  justices  were 
allowed  to  publish  the  names  of  the  offenders.  The  adulteration  of  meal 
or  flour  was  punishable  by  a  like  penalty,  and  loaves  made  of  any  other 
grain  than  wheat  were  to  be  distinguished  by  a  large  M.  The  possession 
on  his  premises  by  a  miller,  baker,  etc.,  of  any  ingredient  adjudged  to  have 
been  placed  there  for  the  purposes  of  adulteration  was  punishable  by  fine. 

An  Act  passed  in  1836  (6  and  7  Will.  IV.,  c.  37)  relative  to  bread 
may  be  considered  as  a  modern  development  of  the  old  *  Assize  of  Bread/ 
It  repealed  the  several  Acts  relating  to  bread  sold  out  of  the  city  of  London 
and  the  liberties  thereof,  and  beyond  the  weekly  bills  of  mortality  and  ten 
miles  from  the  Royal  Exchange,  and  provided  other  regulations  for  the 
making  and  sale  of  bread,  and  for  preventing  the  adulteration  of  meal, 
flour,  and  bread  beyond  the  limits  aforesaid.  This  Act  made  it  lawful  for 
the  bakers  to  make  bread  of  "  wheaten  flour,  barley,  rye,  oats,  buckwheat, 
Indian  corn,  pease,  beans,  rice  or  potatoes,  or  any  of  them,  aud  with  any 
common  salt,  pare  water,  eggs,  milk,  barm,  leaven,  potato  or  other  yeast, 
and  mixed  in  such  proportions  as  they  think  fit,  and  with  no  other 
ingredient  or  matter  whatever."  They  were  also  permitted  to  make  the 
bread  any  weight  or  size  they  chose.  The  bread,  however  (sect.  4),  was 
to  be  sold  by  weight,  and  in  no  other  manner. 

Section  3  provided  that  no  baker  or  other  person  within  the  limits  pre- 
scribed .  .  .  .  "  shall  use  any  mixture  or  ingredient  whatever  in  the  making 
of  such  bread  other  than,  and  except  as  hereinbefore  mentioned,  on  any 
account  or  under  any  colour  or  pretence  whatsoever  " ;  penalty  not  less  than 
£5  and  not  more  than  £10.  In  default  of  payment  the  offender  could  be 
imprisoned  for  a  period  of  not  more  than  six  months,  with  or  without  hard 
labour,1  or  unless  the  penalty  was  sooner  paid,  the  magistrates  could  also 
publish  the  offender's  name,  and  defray  the  expense  of  such  publishing  out 
of  the  fines. 

By  section  9  no  person  is  to  put  into  any  corn,  meal,  or  flour,  at  the 
time  of  grinding,  dressing,  or  manufacturing,  any  ingredient  or  mixture 
whatsoever,  not  being  the  real  and  genuine  produce  of  the  corn  or  grain ; 
nor  is  flour  of  one  sort  or  corn  to  be  sold  as  flour  of  another  sort.  Penalty 
not  less  than  £5  and  not  more  than  £20. 

Sections  11  and  12  provide  that  bread  made  partially  or  wholly  of 
pease,  beans,  or  potatoes,  or  of  any  other  sort  of  corn  or  grain  other  than 
wheat,  is  to  be  marked  with  a  large  Roman  M,  under  a  penalty  not  exceed- 
ing 10s.  Justices  may  issue  a  search  warrant  to  enter  a  baker's  premises 
at  reasonable  hours,  and  search  for  adulterated  bread  or  substances  used 
for  adulteration.  If  such  substances  have  been  found,  the  justices  may 
dispose  of  them  as  they  think  fit.  The  penalty  for  a  first  offence  is  a  fine 
not  exceeding  £10  and  not  less  than  £2 ;  for  the  second  offence  £5,  and 

1  In  the  case  of  Cobe  v.  James,  41  L.  J.  M.  C.  19,  it  was  held  that  for  a  conviction 
under  this  section  guilty  knowledge  was  necessary. 
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for  every  subsequent  offence  £10.  In  default  of  paymeut,  imprisonment 
for  not  more  than  six  calendar  months.  It  is  also  lawful  for  the  magistrates 
to  publish  the  name  of  the  offender.  The  Act  contains  various  other 
provisions  with  regard  to  obstructing  search,  offences  committed  by  a 
journeyman  or  servant,  the  baking  of  bread  on  the  Lord's  Day,  etc. 

§  19.  Beer  and  Porter.— An  Act,  passed  in  1816  (56  Geo.  III.,  c.  68), 
enacted  that  no  "  brewer  of,  or  dealer  in,  or  retailer  of  beer,"  shall  receive 
or  have  in  his  possession,  or  use  or  mix  with  any  worts  or  beer  any 
molasses,  honey,  liquorice,  vitriol,  quassia,  cocculus  indicus,  grains  of 
paradise,  guinea  pepper,  or  opium,  or  any  article  or  preparation  whatever 
for  or  as  a  substitute  for  malt  or  hops.  If  any  person  contravene  this 
provision,  the  officer  of  the  excise  may  seize  the  worts  and  beer,  together 
with  the  casks  containing  the  8ame.,, — Penalty,  £200.  By  the  same  Act, 
druggists  who  sold  colouring  materials  or  malt  substitutes  to  brewers 
were  liable  to  a  penalty  of  £500.  An  Act  (7  and  8  Geo.  IV.,  c.  52)  pro- 
vided that  any  brewer,  having  in  possession  or  in  use  substitutes  for  malt 
or  hops,  or  for  darkening  the  colour  of  beer,  was  liable  to  a  penalty  of 
£200,  and  the  ingredients,  beer,  worts,  etc.,  might  be  seized.  Later  on, 
by  the  10  and  11  Vic,  c.  5,  brewers  were  allowed  to  make  for  their  own 
use  a  colouring  matter  out  of  sugar.1 

§  20.  Wines.— An  old  statute  (51  Hen.  III.,  st.  6)  forbade  the  use  of 
unwholesome  wine  or  meat.  By  the  statute  12  Charles  II.  c.  25,  any 
adulteration  of  wine  was  made  punishable,  with  the  forfeiture  of  £100  if 
done  by  the  wholesale  merchant,  and  £40  if  done  by  the  vintner  or  retail 
trader.  Additional  regulations  were  made  by  L  William  and  Mary.  All 
of  these  Acts,  it  is  scarcely  necessary  to  say,  are  now  obsolete  and  repealed. 

§  21.  Tea. — An  Act  was  passed  in  1723  (11  Geo.  1.,  c.  30),  which  enacted 
that  "  no  dealer  in  tea,  or  manufacturer  or  seller  thereof,  or  pretending  to 
be,  shall  counterfeit  tea,  or  adulterate  tea,  or  cause  or  procure  the  same  to 
be  counterfeited  or  adulterated,  or  shall  either  fabricate  or  manufacture 
tea  with  terra  japonica,  or  with  any  drug  or  drugs  whatsoever,  nor  shall 
mix,  or  cause  or  procure  to  be  mixed  with  tea  any  leaves  other  than 
leaves  of  tea,  or  other  ingredients  whatsoever,  on  pain  of  forfeiting  and 
losing  the  tea  so  counterfeited,  adulterated,  altered,  fabricated,  manu- 
factured, or  mixed,  or  any  other  thing  or  things  whatsoever  added  thereto, 
or  mixed  or  used  therewith,  and  also  the  sum  of  £100." 

Some  years  afterwards,  1730-31,  a  further  Act  was  passed  (4  Geo.  II., 
c.  14),  prescribing  a  penalty  for  what  is  termed  in  the  statute  1  sophisticat- 
ing tea/  It  recites  "  that  several  ill-disposed  persons  do  frequently  dry, 
fabricate,  or  manufacture  very  great  quantities  of  sloe  leaves,  liquorice 
leaves,  and  the  leaves  of  tea  that  have  been  before  used,  or  the  leaves  of 
other  trees,  shrubs,  or  plants  in  imitation  of  tea,  and  do  likewise  mix, 
colour,  stain,  or  dye  such  leaves,  and  likewise  mix  tea  with  terra  japonica, 
sugar,  molasses,  clay,  logwood,  and  with  other  ingredients,  and  do  sell  and 
vend  the  same  as  true  and  real  tea,  to  the  prejudice  of  the  health  of  His 
Majesty's  subjects,  the  diminution  of  the  revenue,  and  to  the  ruin  of  the 
fair  trader. "  The  penalty  under  this  statute  was  £10  for  every  pound  of 
tea  sophisticated. 

The  next  Act  was  passed  in  1776  (17  Geo.  III.,  c.  29).  The  preamble 
asserts  that  great  quantities  of  sloe  leaves  and  the  leaves  of  the  ash,  elder, 
and  other  trees,  shrubs,  and  plants,  were  manufactured  in  imitation  of  tea, 

1  At  the  present  time  it  is  not  illegal  to  mix  bitter  beer  with  wholesome  bitters 
other  than  hops. 
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aud  were  then  sold  to  dealers  in  tea,  who,  after  mixing  the  leaves  with  tea, 
sold  it  as  true  and  real  tea ;  but  as  the  persons  who  fabricated  or  manu- 
factured the  leaves  were  not  dealers  in  tea,  they  were  not  punishable  by 
the  law  then  in  force.  The  Act,  therefore,  rendered  any  person,  whether 
a  dealer  or  not,  who  fabricated  leaves  in  imitation  of  tea,  or  who  mixed  tea 
with  other  ingredients,  or  who  sold,  exposed  for  sale,  or  had  in  his  custody 
fabricated  or  mixed  teas,  liable  on  conviction  to  a  penalty  of  £5  for  each 
pound  of  such  tea,  or  in  default  to  imprisonment  for  not  less  than  six 
months,  nor  more  than  twelve.  The  officers  of  the  excise  were  empowered 
to  enter  under  warrant  any  premises  by  day  or  night  and  seize  the  leaves, 
which,  on  a  further  warrant,  were  to  be  destroyed. 

§  22.  Coffee. — The  history  of  the  regulations  with  regard  to  coffee 
and  chicory  is  rather  curious,  inasmuch  as  coffee  appears  to  have  been 
adulterated  almost  immediately  after  its  introduction,  and  legislative 
interference  was  soon  necessary. 

The  first  Act  (5  Geo.  I.,  c.  11,  1718),  with  regard  to  coffee,  recited  that 
"  Whereas  divers  evil-disposed  persons  have  at  the  time  of,  or  soon  after, 
the  roasting  of  coffee  made  use  of  water,  grease,  butter,  or  such-like 
materials,  whereby  the  same  is  rendered  unwholesome,  and  greatly 
increased  in  weight  to  the  prejudice  of  His  Majesty's  revenue,  the  health  of 
his  subjects,  and  the  loss  of  all  honest  and  fair  dealers  in  that  commodity,1' 
and  went  on  to  enact  that  "  any  person  or  persons  whatsoever,  who  shall  at 
the  roasting  of  any  coffee,  or  before,  or  at  any  time  afterwards,  make  use 
of  water,  grease,  butter,  or  any  other  material  whatsoever,  which  shall 
increase  the  weight,  or  damnify  or  prejudice  the  said  coffee  in  its  goodness, 
he,  she,  or  they  shall  forfeit  the  sum  of  £20  for  every  such  offence."  This 
penalty  was  increased  to  £100  by  a  subsequent  Act  (12  Qeo.  I.,  c.  30), 
passed  in  the  year  1724. 

An  Act  passed  in  1803  (43  Geo.  III.,  c.  129)  ordered  that  "  If  any 
burnt,  scorched,  or  roasted  peas,  beans,  or  other  grains,  or  vegetable 
substance  or  substances  be  used,  prepared,  or  manufactured  for  the  purpose 
of  being  an  imitation  of,  or  in  any  respect  to  resemble  coffee  or  cocoa,  or 
to  serve  as  a  substitute  for  coffee  or  cocoa,  or  alleged  or  pretended  by  the 
possessor  or  vendor  thereof  so  to  be,  shall  be  made  or  kept  for  sale,  or 
shall  be  found  in  the  custody  or  possession  of  any  dealer  or  dealers  of 
coffee  or  cocoa ;  or  any  burnt,  scorched,  or  roasted  peas,  beans,  etc.,  not 
being  coffee  or  cocoa,  shall  be  called  by  its  preparer  or  manufacturer, 
possessor,  or  vendor  thereof,  by  the  name  of  coffee,  or  by  the  name  of 
American  cocoa,  or  English  or  British  cocoa,  or  any  other  name  of  cocoa, 
the  same  respectively  shall  be  forfeited,  and,  together  with  packages  con- 
taining the  same,  shall  or  may  be  seized  by  the  excise."  The  person  con- 
victed was  to  be  fined  £100. 

A  subsequent  Act  (3  Geo.  IV.,  c.  53)  permitted  persons,  not  dealers  in 
coffee,  to  sell  roasted  corn,  peas,  beans,  or  parsnips  whole,  but  not  ground, 
crushed,  or  powdered. 

In  1832  grocers  were  allowed  by  the  Excise  to  keep  chicory  on  their 
premises,  and  a  Treasury  Minute,  dated  August  4,  1840,  allowed  the  sale 
of  coffee  mixed  with  chicory,  a  step  which  no  doubt  opened  the  way  to 
wholesale  adulteration.  This  is  evident  from  a  meeting  of  those  interested 
in  the  coffee  trade,  held  at  the  London  Tavern,  on  March  10, 
1851,  in  which  the  chairman  1  explained  that  although  more  of  what  was 
called  coffee  was  now  consumed,  yet  that  there  was  a  less  consumption 

1  T.  Baring,  Esq.,  M.P. 
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of  genuine  coffee.  "We  wish,"  he  continued,  "to  come  to  the  real 
question,  and  we  desire  that  it  should  be  publicly  understood  that  what 
is  coffee  be  sold  as  coffee,  and  that  what  is  not  coffee,  being  a  cheaper 
article,  and,  if  you  will,  a  more  nutritious  article,  and  as  eligible  for 
consumption,  be  sold  to  the  consumer  at  the  price  at  which  it  can  be 
afforded."  A  grocer  from  Shoreditch  having  produced  at  the  meeting  a 
compound  of  burnt  peas,  dog-biscuit,  prepared  earth,  and  a  substance 
"which,"  he  said,  "I  shall  not  describe,  because  it  is  too  horrid  to 
mention,"  went  on  to  affirm  that  several  tons  of  the  same  material  were 
in  existence,  and  that  it  was  used  as  a  substitute  for  chicory  and 
for  snuff.1 

The  Lancet  also  gave  details  about  the  same  time  of  the  microscopical 
examination  of  thirty-four  samples  of  chicory,  nearly  one-half  of  which 
were  mixtures,  the  substances  found  being  roasted  beans,  burnt  corn,  and 
acorns.  It  was  under  the  protection  of  this  Minute  that  Messrs.  Duck- 
worth of  Liverpool  took  out  a  patent  for  the  compression  of  mixtures  of 
chicory  and  coffee  into  the  shape  of  berries.  Popular  writers  have,  as 
usual,  made  the  most  of  this  patent,  and  the  story  has  been  retailed  with 
additions  from  one  book  to  another  as  a  glaring  instance  of  wholesale 
fraud ;  but,  although  the  purity  of  the  manufacturers'  intentions  may  be 
open  to  doubt,  the  fact  remains  that  they  did  nothing  against  the  existing 
law.  The  patent  does  not  appear  to  have  been  profitable,  and  but  few  of 
the  chicory  berries  were  put  in  circulation. 

The  subject  of  coffee  adulteration  was  not,  however,  permitted  to 
escape  the  attention  of  Parliament,  and  petitions  from  planters,  growers, 
and  others  interested  in  the  sale  or  production  of  coffee  increased  in 
number.  In  the  Commons,  during  the  course  of  a  long  debate  (April  14, 
1851),  Mr.  T.  Baring  stated  that  it  could  not  be  denied  that  there  had 
been  a  diminution  since  1847  in  the  consumption  of  coffee  to  the  extent 
of  six  million  pounds,  the  real  cause  of  which  was  the  wholesale  admixture 
of  coffee  with  chicory — this  chicory  of  home  growth.  In  1840,  at  the 
time  of  the  issuing  of  the  Treasury  Minute  suspending  the  law  as  regarded 
that  article,  all  the  chicory  used  in  the  country  came  from  abroad,  and  as 
an  excisable  import  on  which  duty  was  paid,  but  since  the  issue  of  the 
Minute  it  had  been  cultivated  largely  in  England. 

Similar  statements  were  made  in  the  House  of  Lords  (July  3,  1851), 
on  the  occasion  of  Lord  Wharncliffe's  presenting  a  petition  to  that  House. 
In  the  following  year,  under  the  pressure  of  popular  feeling  on  the 
subject,  the  objectionable  Minute  was  rescinded,  and  a  new  Treasury 
Minute,  dated  July  27,  1852  (which  was  embodied  in  a  subsequent 
order  of  the  Inland  Revenue  Commissioners),  permitted  licensed  dealers 
in  coffee  to  "keep  and  sell  chicory  and  other  vegetable  substances 
prepared  to  resemble  coffee,  provided  that  they  be  sold  unmixed  with 
coffee,  in  packages  sealed  or  otherwise  secured,  containing  respectively 
not  less  than  two  ounces,  and  having  pasted  thereon  a  printed  label  with 
the  name  of  the  seller,  the  exact  weight  and  true  description  of  the  article 
contained  therein,  and  provided  that  no  such  article  be  kept  in  a  loose 
state,  or  otherwise  than  in  such  packages  as  aforesaid,  in  any  room 
entered  for  the  storage  or  sale  of  coffee."  This  regulation  was,  without 
doubt,  irksome  both  to  traders  and  consumers,  since  every  one  who 
desired  his  coffee  mixed  with  chicory  could  not  buy  the  mixture  prepared, 

1  Adulteration  of  Coffee.  A  verbatim  report  of  the  proceetlinjs  at  a  public  meeting 
held  at  the  London  Tavern.    London,  1851. 
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but  was  obliged  to  purchase  the  coffee  and  chicory  separately,  and  com- 
pound it  himself.  Hence  many  memorials  were  presented  praying  "  That 
the  sale  of  a  mixture  of  coffee  and  chicory  be  not  interfered  with,  provided 
each  package  has  legibly  printed  thereon  words  plainly  indicating  such 
mixture. "  In  consequence  of  these  representations  this  Minute  was  also 
rescinded,1  and  a  new  one  prepared.  An  order  of  the  Commissioners  of 
Inland  Revenue,  dated  May  13,  1853,2  followed,  requiring  that  on  every 
package  containing  a  mixture  the  words,  "This  is  sold  as  a  mixture  of 
chicory  and  coffee,"  be  printed  in  capital  letters  of  Roman  character,  of 
at  least  one-eighth  of  an  inch  in  height,  on  the  outside  of  the  packages  or 
canisters,  on  the  same  side  of  which  there  was  to  be  no  other  printing  or 
writing.  On  no  other  part  of  the  package,  further,  was  there  to  be  any 
other  writing  save  the  name  and  address  of  the  seller. 

It  would  be  a  great  error  to  suppose  that  these  minutes  of  the 
Treasury,  and  subsequent  orders  of  the  Revenue  Commissioners,  had  for 
their  leading  object  the  prevention  of  adulteration  in  its  reference  to  the 
health  of  the  subject.  It  will  at  once  be  noticed  that  they  only  touched 
on  '  excisable  articles,'  and  it  was  entirely  a  fiscal  question.  In  a  word, 
had  the  sophistication  been  of  such  a  nature  as  to  increase  iustcad  of 
diminish  the  revenue,  the  Treasury  would  have  let  it  pass  without 
notice. 

§  23.  The  Select  Committee  of  1855. — The  prelude  to  legislation  on 
adulteration  as  a  whole  was  the  appointment  of  *  A  Select  Parliamentary 
Committee/  which  entered  on  its  labours  in  1855.  The  early  appoint- 
ment of  this  committee  was,  without  doubt,  due  to  the  influence  of  the 
late  Mr.  Wakley,  the  able  and  courageous  editor  of  the  Lancet.  In  1850 
Mr.  Wakley  had  established,  in  connection  with  his  powerful  journal,  '  The 
Lancet  Sanitary  Commission'  of  which  commission  Dr.  H assail  was  the 
leading  spirit,  with  Dr.  Letheby  as  occasional  coadjutor  in  matters  purely 
chemical,  and  (what  at  that  time  was  of  great  importance)  with  the  assist- 
ance of  an  artist,  who  drew  microscopical  objects  with  fidelity. 

The  'Analytical  Sanitary  Commission '  was  commenced  in  the  first 
number  of  the  Lancet  for  1851,  and  the  scope  of  the  inquiry,  as  stated  by 
the  editor,  was  as  follows : — "  We  propose,  for  the  public  benefit,  to  institute 
an  extensive  and  somewhat  rigorous  series  of  investigations  into  the  present 
condition  of  the  various  articles  of  diet  supplied  to  the  inhabitants  of  this 
great  metropolis  and  its  vicinity.  .  .  .  Special  features  of  the  inquiry 
will  be  that  they  are  all  based  upon  actual  inquiry  and  experiment ;  the 
microscope  and  the  test  tube  will  be  our  constant  companions."  Notice 
was  also  given  that  at  the  expiration  of  three  months  the  names  and 
addresses  of  the  shopkeepers  from  whom  purchases  had  been  made  would 
be  given ;  but  at  the  commencement  the  street  alone  was  to  be  indicated. 
The  promise  was  kept,  and  hazardous  although  the  experiment  most 
certainly  was,  yet  in  April  we  find  the  names  of  large  firms  freely  published, 
and,  so  to  speak,  '  pilloried/  for  having  sold  impure  and  false  goods. 

In  1855  Dr.  Hassall  collected  the  articles  which  had  been  published 
in  the  Lancet  into  a  volume,  entitled  Food  and  its  Adulterations,  com- 
prising the  reports  of  the  Analytical  Sanitary  Commission  of  the  1  Lancet1 
for  the  years  1851-5  b.    London,  1855. 

In  1855  'The  Select  Committee  on  the  Adulteration  of  Food*  com- 
menced its  labours,  and  examined  as  far  as  possible  all  those  who  were 

1  Pari.  Paper,  No.  165,  vol.  xcix.,  seas.  1852-53. 

2  Pari.  Paper,  No.  508,  sess.  1854-55. 
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likely  to  have  any  special  knowledge  of  the  adulterations  themselves,  the 
methods  necessary  to  detect  them,  and  their  effect  on  the  revenue  and  on 
health.  Dr.  Hassall  stated  to  the  committee  the  results  of  his  inquiries 
both  for  the  Lancet  Commission  and  during  the  course  of  his  other  labours, 
and  gave  in  detail  the  frauds  practised  in  regard  to  milk,  coffee,  tea,  drugs, 
preserved  fruits,  etc. 

Dr.  Alphonse  Normandy,  who  had  also  written  a  work  on  adulteration 
— the  result  of  ten  years'  investigation— said,  in  giving  evidence  as  to  the 
aluming  of  bread,  that  he  had  seen  alum  in  bread  in  crystals  of  the  size 
of  a  large  pea.  "  In  the  bread  of  one  baker  I  found  alum  actually  in  the 
state  of  large  crystals ;  I  went  to  him  and  showed  him  his  bread,  and  he 
said,  ' 1  cannot  help  it.' "  In  extreme  instances  he  had  found  as  much  as 
from  250  grains  to  twice  that  quantity  of  alum  in  the  41b.  loaf,  and  in 
1847  he  had  found  magnesia  carbonate  in  three  samples  of  bread.  In 
1847  and  1848,  years  of  great  scarcity,  he  had  discovered  bean  and  pea 
meal  in  flour,  but  this  he  considered  quite  exceptional.  With  regard  to 
beer,  he  thought  that  brewers  often  made  use  of  cocculus  indicus ;  and, 
finally,  he  gave  evidence  of  the  great  adulteration  of  drugs. 

Mr.  Black  well,  of  the  firm  of  Crosse  *k  Black  well,  gave  some  very 
interesting  evidence  as  to  the  'coppering  of  preserved  vegetables,' 
practised  before  the  food  articles  appeared  in  the  Lancet.  The  process 
in  use  by  his  firm  was  to  boil  the  pickles  or  vinegar  several  times  in 
copper  boilers.  After  each  operation  they  became  greener,  and  when  the 
proper  hue  was  attained,  the  process  was  finished ;  but  since  the  outcry 
on  coppered  vegetables,  this  process  had  been  abandoned. 

Another  witness,  Mr.  0.  L.  Simmonds,  the  author  of  a  work  upon 
'  Commercial  Products/  in  giving  evidence  on  the  adulteration  of  drugs, 
estimated  that  there  was  a  loss  to  the  revenue  from  this  cause  of  no  less 
than  £3,000,000  per  annum.  As  an  instance  of  the  manner  in  which 
the  revenue  suffered,  he  cited  the  substitution  of  cassia  for  cinnamon ; 
cassia  paid  Id.  per  11).  duty,  cinnamon  2d.  The  dealers  sold  cassia  under 
the  name  of  cinnamon  to  such  an  extent  as  to  affect  seriously  the  cinnamon 
trade. 

§  24.  Adulteration  Acts,  1860  and  1872. — Upon  the  report  of  the 
Select  Committee,  the  first  general  Adulteration  Act  was  drafted,  and 
became  law  in  1860.  The  first  section  enacted,  "That  every  person  who 
shall  sell  any  article  of  food  or  drink  with  which,  to  the  knowledge  of 
such  person,  any  ingredient  or  material  injurious  to  the  health  of  persons 
eating  or  drinking  such  article,  has  been  mixed,  and  every  person  who- 
shall  sell  as  pure  or  unadulterated  any  article  of  food  or  drink  which  is 
adulterated  or  not  pure,  shall  for  every  such  offence,  on  summary  con- 
viction of  the  same,  pay  a  penalty  not  exceeding  £5,  with  costs."  A  second 
offence  was  punishable  in  addition  by  publishing  the  offender's  name,  place 
of  abode  and  offence.  The  Act  permitted,  but  did  not  compel,  the  appoint- 
ment of  analysts.  The  bodies  which  might  appoint  such  analysts  were — in 
the  City  of  London,  the  Commissioners  of  Sewers ;  in  the  metropolis  generally, 
Vestries  and  District  Boards ;  in  the  counties,  Courts  of  Quarter  Sessions. 
Section  4  provided  that  any  purchaser  of  any  article  of  food  in  any  of  the 
districts  in  which  analysts  existed  might  have  such  article  analysed  on 
payment  of  a  sum  not  less  than  2s.  6d.  and  not  more  than  10s.  6d. ;  the 
purchaser,  on  the  completion  of  the  analysis,  was  entitled  to  receive  a 
certificate  of  the  result  of  the  analysis. 

These  appointments  were  at  first  confirmed  by  the  Secretary  of  State,. 
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but  afterwards  the  Local  Government  Act  of  1871  transferred  the  regula- 
tion of  the  appointments  to  the  Local  Government  Board.  The  Act 
existed,  and  was  in  partial  operation  for  twelve  years,  when  it  was  entirely 
recast  and  interspersed  with  various  sanitary  considerations. 

In  an  Act  passed  in  the  year  1872  (35  and  36  Vict.,  c.  74),  it  was 
•enacted  that  "  Every  person  who  shall  wilfully  admix,  and  every  person 
who  shall  order  any  other  person  or  persons  to  admix,  any  ingredient  or 
material  with  any  drug  to  adulterate  the  same  for  sale,  shall  be  liable  to 
a  penalty  for  the  first  offence  not  exceeding  £50,  with  costs."  The  second 
offence  was  punishable  by  a  term  of  imprisonment  not  exceeding  six 
months,  with  hard  labour.  By  the  second  section,  "Every  person  who 
shall  sell  any  article  of  food  or  drink,  with  which  to  the  knowledge  of 
such  person  any  ingredient  or  material  injurious  to  the  health  of  persons 
eating  or  drinking  such  article  has  been  mixed,  and  every  person  who 
shall  sell  as  unadulterated  any  article  of  food  or  drink  or  any  drug  which 
is  adulterated,  shall  for  every  such  offence,  on  a  summary  conviction  of 
the  same,  pay  a  penalty  not  exceeding  £20,  with  the  costs  of  conviction." 
By  the  third  section,  "Any  person  who  shall  sell  any  article  of  food  or 
drink,  or  any  drug,  knowing  the  same  to  have  been  mixed  with  any  other 
substance  with  intent  to  fraudulently  increase  its  weight  or  bulk,  and 
who  shall  not  declare  such  admixture  to  any  purchaser  thereof  before 
delivering  the  same  and  no  other,  shall  be  deemed  to  have  sold  an 
adulterated  article  of  food  or  drink,  or  drug,  as  the  case  may  be,  under 
this  Act" 

The  Act,  with  doubtful  advantage,  also  extended  the  right  of  appointing 
analysts  to  boroughs  having  separate  police  establishments.  The  appoint- 
ment was  optional,  save  on  the  direction  of  the  Local  Government  Board. 
The  sixth  section  provided  that  inspectors  of  nuisances  or  other  local 
officers  were  to  procure  samples  for  analysis.  Private  purchasers  might 
have  articles  analysed  as  before,  the  only  difference  being  that,  under 
this  Act,  they  were  to  hand  the  substance,  not  to  the  analyst,  but  to  the 
inspector.  There  were  also  provisions  as  to  the  sealing  and  division  of 
samples.  Since  the  Act  of  1860  remained  unrepealed,  the  two  Acts  were 
both  in  force  simultaneously,  and  under  their  joint  operation  the  following 
offences  were  punishable 1 : — 

1.  Selling  any  article  of  food,  drink,  or  medicine,  that  contains  any 
ingredient  injurious  to  health,  and  knowing  it  to  contain  such  ingredient. 

2.  Selling  any  adulterated  food,  drink,  or  drug. 

3.  Wilfully  mixing  with  any  article  of  food  or  drink  any  ingredient  or 
poisonous  ingredient  to  adulterate  the  same  for  sale. 

4.  Wilfully  mixing  any  ingredient  with  any  drug  to  adulterate  the 
same  for  sale. 

5.  Selling  any  article  of  food,  drink,  or  any  drug,  knowing  the  same  to 
have  been  mixed  with  other  substances  with  intent  fraudulently  to  increase 
its  weight  or  bulk,  unless  such  admixture  be  declared  at  the  time  of 
sale. 

§  25.  The  Select  Committee,  1874. — These  Acts  by  no  means  worked 
well.  Many  of  the  analysts  were  inexperienced,  and  even  those  who  had 
considerable  chemical  knowledge  differed  widely  in  the  conclusions  they 
drew  from  their  analyses.  The  reason  of  this  was  evident,  for  the  standards 
had  scarcely  been  settled.  There  was,  for  example,  no  general  agreement 
as  to  the  amount  of  'fat'  and  'total  solids '  in  milk;  the  question  of 
1  The  Law  of  Adulteration,  l»y  Sidney  Woolf.   London,  1874. 
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whether  tea  should  be  permitted  to  be  faced,  or  not,  was  then  (as,  indeed, 
now)  unsettled ;  there  was  no  method  in  use  which  distinguished  alum 
added  to  flour  and  alumina  existing  as  sand.  Analyst  contradicted  analyst. 
Magistrates  were  perplexed  as  to  the  meaning  of  the  word  'adulteration/ 
and  conflicting  decisions  on  mere  legal  technicalities  offered  a  still  further 
obstacle  to  the  healthy  operation  of  the  Act.  The  public  generally  were 
dissatisfied  with  an  Act  which  inflicted  real  hardships  on  many  retail  dealers 
— e.g.,  tea,  paid  for  at  the  highest  market  price,  and  imported  direct  from 
China,  would  be  examined  by  a  local  analyst  and  pronounced  to  be  faced 
with  Prussian  blue,  gypsum,  etc. ;  while,  from  the  peculiar  nature  of  the 
statute,  the  seller,  however  innocent  of  the  fraud  himself,  could  not  defend 
the  charge  on  anything  like  equal  terms.  Petitions,  moderate  in  tone, 
came  in  from  most  of  the  large  towns,  and  the  Government  decided  to 
appoint  another  Select  Committee.  A  large  number  of  witnesses — tea 
merchauts,  tea  brokers,  tea  retailers,  butter  merchants,  cocoa  and  coffee 
manufacturers,  milk  sellers,  bakers,  and  analysts — were  examined  by  this 
new  Committee  in  1874 ;  and  on  their  evidence  a  report  was  based,  which 
stated  that  after  having  sat  fourteen  days,  and  examined  fifty-seven 
witnesses,  the  Commissioners  had  arrived  at  the  unanimous  conclusion  that, 
while  the  Act  had  done  much  good,  it  had,  at  the  same  time,  inflicted 
considerable  injury,  and  enforced  heavy  and  undeserved  penalties  upon 
some  respectable  tradesmen.  "  This  appeal's  to  have  been  mainly  due  to 
the  want  of  a  clear  understanding  as  to  what  does,  and  as  to  what  does  not, 
constitute  adulteration,  and  in  some  cases  to  the  conflicting  decisions  and 
inexperience  of  the  analysts.  Your  Committee  are,  however,  of  opinion 
that  the  Act  itself  is  defective  and  needs  amendment." 

The  report  went  on  to  say  that  the  adoption  of  the  Act  had  been  by  no 
means  general,  and  in  mauy  cases  where  it  had  been  applied  its  operation 
was  of  a  very  restricted  character ;  for,  even  with  competent  analysts,  if 
inspectors  were  not  appointed  at  the  same  time  the  Act  remained  a  dead 
letter.  All  the  London  vestries  had  made  appointments,  but  in  only 
twenty-six  out  of  seventy-one  boroughs,  and  thirty-four  out  of  fifty-four 
counties,  were  there  at  that  date  official  analysts.  The  examination  of  tea 
was  recommended  to  be  made  on  importation  by  the  Customs.  The 
Committee  did  not  consider  that  the  exact  proportion  of  mixtures  need  be 
stated  on  a  label,  and  they  wished  to  record  that  mixed  mustard  and 
prepared  cocoa  had  been  long  manufactured  at  Deptford  for  the  supply  of 
the  Navy.  They  recommended  that  small  districts  should  be  consolidated, 
and  that,  as  a  rule,  the  boroughs  in  a  county  should  be  united  with 
the  county  for  the  purpose  of  appointing  one  analyst  for  the  entire 
district ;  and  they  pointed  out  that  the  only  way  to  secure  "  the  services  of 
really  efficient  analysts  is  to  offer  them  a  fair  remuneration,  which  can 
hardly  be  done  without  the  union  of  several  Local  Authorities  in  one 
appointment.,,  The  Committee  concluded  their  report  by  remarking  that 
the  public  was  *  cheated '  rather  than  *  poisoned. ' 

§  26.  Sale  of  Food  and  Dmys  Act,  1875,  1879,  and  1899.— On  this 
report  was  based  the  Act  of  1875,  which  is  at  the  present  moment,  with 
its  amendments  of  1879  and  1899,  the  existing  law,  and  the  full  considera- 
tion of  which  will  be  reserved  for  another  Section ;  an  early  defect  in  the 
Act,  however,  may  be  at  once  alluded  to,  for  it  had  not  been  long  in 
operation  before  its  action  was  almost  entirely  stopped  by  legal  ingenuity. 
The  sixth  section  provides  that  "  No  person  shall  sell  to  the  prejudice  of 
the  purchaser  any  article  of  food  or  any  drug  which  is  not  of  the  nature, 
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substance,  and  quality  of  the  article  demanded  by  such  purchaser 11 ;  and  in 
a  Justiciary  Appeal  case  at  Edinburgh,  in  which  an  inspector  had  purchased 
cream  not  for  his  own  use  but  for  analysis,  the  Scotch  court  discussed  the 
'prejudice*  question— three  out  of  seven  judges  adopting  the  view  that  a 
purchase  made  under  these  conditions  was  not  to  the  '  prejudice '  of  the 
purchaser,  and  five  out  of  the  seven  dismissing  the  summons  on  other 
grounds.  The  impression  produced  in  this  country,  however,  by  the 
decision  of  the  court,  was  that  the  sale,  to  be  effectual,  must  be  made  in 
the  ordinary  way,  and  not  merely  for  the  purposes  of  analysis.  The  same 
question  was  raised  in  quite  a  different  but  equally  ingenious  way  in  a 
'  mustard  case '  argued  before  the  Court  of  Queen's  Bench.  The  purchase 
in  this  case  was  by  an  officer ;  the  defence  being  that,  as  it  was  well  known 
that  mustard  was  mixed  with  flour  and  other  things,  such  a  purchase 
could  not  be  to  the  prejudice  of  the  purchaser.  The  point,  however,  was 
left  undecided;  the  question  again  came  before  the  Court  of  Queen's 
Bench,  in  the  case  of  Sandys  v.  Small,  and  the  'prejudice1  question  was 
argued  on  both  points.  Whisky  was  alleged  to  have  been  mixed  with 
water,  and  the  defence  set  up— that  it  was  known  to  be  so  mixed,  and  there- 
fore not  to  the  prejudice  of  the  purchaser — was  held  by  the  court  to  be 
good,  and  the  case  having  been  decided  upon  this  point,  the  other  was  not 
proceeded  with.  Finally  the  question  was  settled  by  the  case  of  Hoyle  v. 
Hitchman,  March  27,  1879.  The  facts  in  this  instance  were  of  the 
simplest  character :  the  appellant  had  purchased  milk  in  the  usual  official 
way ;  the  milk  was  found  to  be  adulterated,  and  the  defence  was  that,  as 
he  did  not  use  the  milk,  therefore  he  did  not  buy  the  milk  for  his  own  use ; 
he  was  not  prejudiced.  The  magistrate  who  heard  the  case  considered  the 
defence  good,  and  dismissed  the  summons. 
'  Justice  Mellor,  in  giving  judgment,  observed  that  the  'prejudice' 
view  of  the  Act  "  would  absolutely  nullify  its  beneficial  effect.  For  if  the 
meaning  of  the  enactment  is  that  the  offence  cannot  be  complete  without 
its  being  '  to  the  prejudice  of  the  purchaser/  it  is  hardly  possible  that  the 
offence  should  ho  brought  home  to  any  one.  And  this  observation,  in  my 
view,  goes  far  to  show  that  this  construction  cannot  be  the  right  one.  So 
far  as  authority  is  concerned,  there  is  no  direct  decision  in  favour  of  such 
a  view ;  and,  indeed,  in  the  English  courts  there  is  hardly  any  authority 
upon  the  point.  For  in  the  first  of  the  two  cases  in  this  court  referred  to, 
the  mustard  case,  my  brother  Lush  distinctly  said  that,  in  his  view,  if  the 
article  were  adulterated,  it  must  be  presumed  that  it  was  4  to  the  prejudice 
of  the  purchaser/  and  I  could  not  have  dissented  from  that  opinion,  or  I 
could  not  have  concurred  in  sending  the  case  down  to  be  re-stated  on  the 
other  point.  And  as  to  the  other  case,  no  doubt  in  the  course  of  the 
argument  the  Lord  Chief -Justice  made  some  such  remark,  but  not  by  way 
of  a  decided  dictum,  and  rather  by  way  of  query  or  suggestion,  and  the 
decision  went  upon  the  other  point,  so  that  there  is  no  authority  in  the 
English  courts  in  favour  of  the  view  now  presented.  It  cannot  be  said 
that  the  weight  of  judicial  authority  is  against,  and  I  rather  think  it  is  in 
favour  of,  the  view  which  we  have  arrived  at  after  the  best  consideration 
given  to  the  question,  as  to  the  true  construction  of  the  enactment.  It  is 
quite  general  in  its  terms,  and  its  terms  are  very  large,  nor  is  there  any- 
thing to  limit  them, — '  if  any  one  shall  sell,  to  the  prejudice  of  the 
purchaser,  any  article  of  food  not  of  the  nature,  substance,  or  quality  of 
the  article  demanded  by  the  purchaser/  There  is  nothing  to  limit  the 
application  of  the  enactment  (as  some  of  the  Scotch  judges  seem  to  have 
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supposed)  to  articles  deleterious  in  their  nature.  And  in  several  of  the 
sections  (13  to  17)  provisions  are  made  for  purchases  by  public  officers  for 
the  purpose  of  analysis  and  prosecution,  assuming  that,  if  the  article  is 
found  to  be  adulterated,  the  offence  will  have  been  committed.  It  would 
be  strange  indeed  if  all  these  provisions  were  to  be  made  nugatory  by  a 
construction  which  would,  in  effect,  come  to  this — that  proceedings  could 
only  be  taken  by  private  individuals.  Here  the  purchase  was  made  by  the 
inspector  under  those  sections;  but  surely  the  case  must  be  treated  as 
though  the  purchase  had  been  by  a  private  individual.  Now,  in  the  case 
of  a  private  individual,  no  one  could  dispute  that  in  such  a  case  as  this  the 
offence  would  have  been  completed,  and  the  magistrate  has  so  found,  in 
fact.  That  being  so,  what  difference  can  it  make  as  to  the  nature  of  the 
offence,  that  the  purchase  was  by  an  officer  on  behalf  of  the  public,  and 
furnished  with  public  money  for  the  purpose  ?  If  the  purchaser  asks  for 
a  certain  article,  and  gets  an  article,  which  by  reason  of  some  admixture 
of  a  foreign  article  is  not  of  the  nature  or  quality  of  the  article  he  asks  for, 
he  is  necessarily  'prejudiced';  and  how  can  the  fact  that  the  purchase 
is  not  with  his  own  money  at  all  affect  the  question  of  the  commission 
of  the  offence  ?  The  offence  intended  to  be  prevented  by  the  Act  was  the 
fraudulent  sale  of  articles  adulterated  by  the  admixture  of  foreign  substances, 
wluch  would  necessarily  be  'to  the  prejudice  of  the  purchaser  ' ;  and  those 
words  were  inserted  only  to  require  that  such  an  adulteration  should  be 
shown  to  have  been  made.  Taking  all  these  matters  into  consideration,  I 
cannot  bring  my  mind  to  the  conclusion  that  in  such  a  case  as  this  the 
offence  is  less  complete,  merely  because  the  money  with  which  the  purchase 
was  made  was  not  the  money  of  the  purchaser,  which  must  be  wholly 
immaterial  to  the  seller,  and  cannot  affect  the  offence  he  has  committed. 
I  come,  therefore,  to  the  conclusion  that  the  magistrate  was  wrong  iu 
dismissing  the  case  on  that  ground,  and,  therefore,  that  the  case  must  be 
remitted  to  him  to  be  determined  on  the  evidence  as  to  the  offence  alleged 
to  have  been  committed." 

Mr.  Justice  Lush,  in  expressing  his  entire  concurrence,  said  that  the 
differences  of  opinion  which  unfortunately  prevailed  as  to  the  true  con- 
struction of  the  sixth  section  of  the  Act  had  crippled  the  operation  of  a 
most  beneficial  Act. — Judgment  for  the  appellant. 

The  Act  of  1875  was  amended  by  the  'Sale  of  Food  and  Drugs  Act, 
1879/  which  became  law  on  July  21st  in  that  year.  This  Act  settled  the 
'  prejudice '  question,  authorised  the  obtaining  of  samples  of  milk  for  the 
purposes  of  analysis,  and  established  standards  for  spirits.  (See  sections 
on  the  '  Existing  Law  relative  to  Adulteration.') 


V.— THE  HISTORY  OF  THE  PRESENT  SCIENTIFIC  PROCESSES 
FOR  THE  DETECTION  OF  ADULTERATION. 

§  27.  If  an  attempt  were  made  to  write  the  full  history  of  the  modern 
system  of  the  practical  assaying  of  foods,  beverages,  and  drugs,  the  result 
would  be  neither  more  nor  less  than  a  history  of  the  development  of  the 
chemical,  physical,  botanical,  and  medical  sciences ;  for  there  has  scarcely 
been  a  single  advance  in  any  one  of  those  sciences  which  has  not  some 
bearing,  immediate  or  remote,  on  our  subject.    Hence,  the  more  useful 
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and  less  ambitious  method  to  pursue  will  be  merely  to  notice  the  chief 
writings  and  the  more  noteworthy  discoveries  of  those  who  have  explored 
this  special  field  of  investigation. 

The  very  early  and  brief  notices  in  the  old  writers  have  been  already 
mentioned.  The  first  general  works  on  adulteration  were  devoted  to  drugs 
rather  than  to  foods,  and  the  herbals  and  the  older  works  contain  here  and 
there,  scattered  through  their  prolix  pages,  casual  mention  of  substitutions 
or  falsifications.  For  example,  Saladin  of  Ascala,  a  physician  to  the  Grand 
Constable  of  Naples,  who  wrote  iu  the  fifteenth  century  a  work  on  the 
aromatic  principles  of  drugs,  describes  methods  of  preserving  food,  and  in 
speaking  of  the  adulteration  of  manna  with  sugar  and  starch,  cites  the 
case  of  an  apothecary  who  was  fined  heavily  and  deprived  of  his  civil 
rights.1 

§  28.  In  the  early  part  of  the  seventeenth  century  Bartoletus  discovered 
by  analysis  milk-sugar  (see  chapter  on  *  Milk '),  and  to  this  epoch  belong 
also  some  observations  and  experiments  of  another  Italian,  Francesco  Redi 2 
of  Florence,  published  in  1660,  on  the  amount  of  mineral  substances 
in  pepper,  ginger,  and  black  hellebore.  He  burnt  100  lbs.  of  each  and 
weighed  the  ash  :  black  pepper  yielded  5  lbs.  2  oz.  4  drs.  of  ash,  ginger  5  lbs. 
3  ozs.  2  drs.,  while  black  hellebore  burnt  in  the  same  quantity  gave  4  lbs.  of 
ash.  These  ash  percentages,  as  we  know,  are  accurate.  He  treated  the 
ash  with  water,  and  noticed  that  all  the  salts  lixiviated,  and  had  a  peculiar 
and  definite  figure,  which  they  kept,  although  they  were  often  dissolved 
and  afterwards  crystallised.  "  If  in  one  liquid  you  dissolve  together  two  or 
three  sorts  of  salts  of  different  figure,  when  they  congeal  they  all  resume 
their  ancient  and  proper  figure."  He  gives  examples  of  this  among  mineral 
salts,  and  further  states  that  if  vitriol  of  cyprus  (copper  sulphate),  rock 
alum,  and  nitre  be  dissolved,  on  evaporation  and  crystallisation  the  different 
salts  can  be  readily  detected.8 

§  29.  The  Honourable  Robert  Boyle,  whose  numerous  writings  and 
discoveries  are  well  known  to  all  scientific  men,  may  bo  said  in  a  way  to 
have  written  the  first  treatise  the  sole  object  of  which  was  to  make  known 
a  method  of  detecting  adulterations.  The  title  of  his  work  is  Medicine. 
Hydrostatica  ;  or  Hydrostatics  applied  to  Materia  Medica,  showing  hote 
by  the  weight  that  divers  bodies  used  in  physic  have  in  water,  one  may 
discover  whether  they  be  genuine  or  adulterated,  8vo,  Lond.  1690.  His 
method  of  determining  specific  gravity  was  similar  to  that  now  used.  He 
determined  the  specific  gravity  4  of  pure  rock  crystal,  which  he  took  as  a 
standard,  comparing  the  specific  weight  of  various  minerals  with  it.  He 
showed  that  impure  mercury  sublimate,  weighed  in  this  manner,  would  be 
deficient,  and  that  Roman  vitriol  mixed  with  alum  might  also  be  similarly 
detected.    He  observed  that  there  were  several  forms  of  soluble  salts  in 

1  This  work,  CornpemUum  Aromafarium,  was  published  in  Augsburg,  1481.  There 
is  no  separate  copy  in  the  British  Museum,  but  it  will  be  found  as  the  Liber  Salad  ini 
iu  the  beautiful  folio  edition  of  the  Arabic  physician  (Yumanna  ibn  Massawaih),  Joannis 
incsttae  damasceni  medico  clarissimi  opera,  etc.,  de  medicamentoruvi  delect  u}  castigalionc 
et  usu,  etc.,  etc.,  folio,  Venice,  1623.  The  work  is  in  the  old  dialogue  style,  consisting  for 
the  most  part  of  question  and  answer.  The  books  preceding  the  Liber  Saladini  also 
contain  some  observations  on  adulteration. 

3  Francesco  Redi,  1626-1697  ;  he  was  at  once  a  poet,  a  chemist,  and  a  physician. 
»  PhU.  Trans.,  1698,  p.  281. 

4  We  believe  that  the  oldest  tables  of  specific  gravity  extant  are  those  in  Lord  Francis 
Bacon's  Historia  Densis  et  Jtari,  fol.,  Lond.,  1741.  A  cube  of  gold  was  taken  as  a 
standard,  and  cubes  of  other  substances,  of  a  size  as  exactly  similar  as  possible,  were 
made.    He  was  conscious,  however,  of  the  want  of  complete  accuracy. 
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plants,  but  always  some  that  were  cubical.  Boyle  also  determined  the 
percentage  of  ash  in  al>out  forty  different  vegetables,  and  the  amount  of 
soluble  ash.  Boyle's  was  not  a  work  of  general  scope,  for  the  most  part 
con  lining  itself  to  the  recommendation  of  a  particular  although  widely 
applicable  method. 

An  airly  general  work  on  the  adulteration  of  drugs  was  that  of  J.  B. 
Vanden  Sande,1  who  may  be  called  the  pioneer  of  applied  quantitative 
chemistry,  for  he  not  only  descril>od  the  mere  external  characteristics  of 
various  articles  of  the  materia  medica,  but  also  made  alcoholic  and  ethereal 
extracts,  and  determined  the  weight  of  the  extracts  thus  obtained.  He 
also,  after  the  manner  of  his  time,  distilled  the  substances  and  obtained 
various  products. 

§  30.  The  invention  of  the  microscojK*,  revealing  the  most  intimate 
structure  of  animal  and  vegetable  tissues,  and  the  regular  and  mathematical 
forms  of  salts  and  minerals,  gave  a  great  iuq»etus  to  all  the  sciences. 
Antony  Van  Leeuwenhoek  (b.  1G32,  d.  1723)  was  the  first  who  in  any 
philosophic  manner  occupied  himself  with  this  instrument.  Gifted  with 
rare  powers  of  observation  and  manipulative  dexterity,  he  made  his  own 
microscopes,  and  prepared  all  objects  with  his  own  hands.  His  microscopes 
were  what  we  should  now  call  lenses.  Each  object*  permanently  mounted, 
had  a  s«*j>arate  microscope,  which  merely  consisted  of  a  small  double  convex 
lens  let  into  a  socket  between  two  plates  riveted  together,  and  pierced  with 
a  small  hole.  The  object  was  placed,  if  liquid,  on  a  fine  little  plate  of  talc, 
which  was  then  glued  to  a  needle,  or,  if  solid,  was  attached  to  the  needle 
itself.  There  was  a  mechanical  arrangement  by  which  the  needle  could  be 
depressed  or  raise*  1,  or  placed  in  any  position  desired.  None  of  his  lenses 
were  very  powerful— ho  rather  preferred  clear  definition;  nor  were  they 
all  of  the  same  magnifying  power,  but  varied  according  to  the  nature  of 
the  object.  Ho  ]w>ssessod  an  incredible  number  of  these  instruments,  and 
at  his  death  bequeathed  many  of  them  to  tho  Royal  Society.  He 
investigated  daily  during  his  long  life  all  kinds  of  objects  in  the  three 
kingdoms  of  nature,  and  made  perhaps  a  greater  number  of  discoveries  as 
to  minute  structures  than  any  other  man  in  his  time;  indeed,  there  was 
scarcely  a  competitor,  for  the  method  was  peculiarly  his  own.  These 
discoveries  did  not  attract  so  much  attention  in  his  day  as  they  deserved, 
the  reason  probably  lieing  that  scarcely  any  one  possessed  the  suitable 
means  of  corroborating  his  researches.  Leeuwenhoek  seems  to  have  been 
the  lirst  to  discover  the  active  principle  of  tea  and  collee,  and  to  describe 
the  structure  of  the  coffee  berry.2  »S  peaking  of  coffee  beans,  he  says :  "I 
placed  some  of  the  beans  in  a  proper  chemical  vessel  over  the  fire,  and 
observed  that,  in  the  roasting  or  burning  them,  a  great  quantity  of  oily 
substance  and  also  of  watery  moisture  was  expelled.  The  roasted  bean  I 
broke  into  small  pieces,  and  after  infusing  these  in  clear  rain  water  I 
suffered  the  water  to  evaj>orate  after  pouring  it  from  the  grosser  parts  of 
the  coffee,  and  then  1  discovered  a  great  number  of  oblong  saline  particles 

1  Lr.i  fahifirathms  rfrs  'nn'Oiramcits  dt'cuih'rs,  ovcrayr  iht,m  bqvel  on  mseiynr  les 
moyens  de  cU'rouvn'r  hs  tromjKries  mists  en  iimyc  pour  falsifier  hs  mtdicamcnts  Unit 
simples  que  conijfost's,  et  oft  on  ttnhlit  des  riffles  jnmr  s'ossitrer  de  hv.r  hont4%  outrage  noil 
xeuhmcnt  utile  aux  m*'ilirinst  chirurgims,  apothicaires,  rt  droyuisfes,  inn  is  aussi  nux 
via  fades,  by  J.  B.  Vanden  Sande,  Muitre  Apothicaire  dc  lirnxolles,  a  la  Hayp,  1784. 
A  well-printed  8vo  of  430  pagos.  The  same  author  wrote  a  Lettrc  sur  la  sophistication 
des  vinSy  Amsterdam,  and  one  or  two  other  works. 

8  The  authors  believe  that  this  (as  given  in  the  fir^t  edition)  is  the  first  notice  of  the 
separation  of  caffeine  by  Leeuwenhoek. 
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of  different  sizes,  but  most  of  them  exceedingly  minute ;  all  of  them  with 
sharp  points  at  the  ends  and  dark  in  the  middle."1  He  figures  these 
'saline  particles,'  and  from  the  description  and  the  figure  they  can  be 
scarcely  other  than  crystals  of '  caffeine '  or  ( theine.'  He  also  cut  thin  slices 
of  the  berry,  and  one  of  his  plates  is  a  very  good  illustration  of  the  cellular 
structure  of  coffee.  He  noted  that  "  it  was  of  an  open  and  spongy  texture 
....  and  some  of  the  parts,  which  in  the  figure  appear  closed  up,  consisted 
of  globules,  and  were  filled  with  oil."  Still  more  decisive  are  his  observa- 
tions on  tea,  in  which  it  is  absolutely  certain  that  he  obtained  '  caffeine ' 
or  '  theine '  by  sublimation,  for  he  distilled  it  and  collected  the  *  volatile 
salt/  "All  these  saline  particles  wore  of  the  same  shape,  that  is,  very  long 
and  pointed  at  both  ends.  ...  I  afterwards  endeavoured,  for  my  further 
satisfaction,  to  discover,  if  possible,  how  many  saline  particles  could  be 
produced  from  a  single  leaf  of  tea ;  but  having  reckoned  up  only  a  part 
of  the  volatile  salts  contained  in  one  leaf,  I  forbore  any  further  observa- 
tions, because  the  number  I  had  already  reckoned  up  was  so  great  that  I 
dared  not  publish  it,  as  I  had  proposed  to  do,  and  indeed  many  persons 
could  not  believe  that  the  leaf  itself  could  be  divided  into  so  many  parts 
visible  by  the  microscope,  as  I  saw  volatile  saline  particles  produced  from 
one  single  leaf."  He  also  examined  the  ash  of  tea,  and  noticed  its 
deliquescent  character.  He  separated  several  distinct  salts,  of  which  one 
kind  had  small  cubical  crystals,  and  was  probably  common  salt.  He 
also  turned  his  attention  to  pepper,  and  extracted  from  it  a  crystalline 
principle,  probably  'piperine.'  He  powdered  long  pepper,  and  placed  it 
in  a  glass  vessel,  covering  it  with  rain  water  to  about  one-third  of  an 
inch.  "After  the  water  had  stood  about  two  hours,  I  poured  it  off,  but  it 
being  evening  I  let  the  water  stand  all  night.  The  next  morning  I  saw 
in  the  place  where  it  was  most  evaporated  an  incredible  number  of  saline 
particles,  many  of  which  were  almost  twice  as  long  as  broad,  but  one  side 
always  longer  than  the  other."  He  also  distilled  pepper,  and  extracted  from 
it  an  oil.  He  considered  the  difference  between  white  and  black  pepper  to 
be  that  one  was  decorticated,  the  other  not,  and  proved  that  he  was  right 
by  direct  experiment.  In  speaking  of  vinegar,  he  noticed  that  it  was 
neutralised  by  chalk,  and  that  it  often  contains  minute  eels — these  '  eels ' 
he  figures  and  describes. 

To  Leeuwenhoek,  then,  may  fairly  be  accorded  the  credit  of  having 
made  several  unnoticed  discoveries  in  food  analysis.  Contemporaneously 
with  Leeuwenhoek,  Dr.  Hy.  Power  published  some  microscopical  observa- 
tions, describing  the  appearances  of  sand,  sugar,  and  salt,  the  eels  in 
vinegar,  and  the  mites  in  oatmeal.  He  also  observed  how  easy  it  was  to 
discover  the  particles  or  globules  of  mercury  in  compound  powders.  "  In 
those  chymical  preparations  of  mercury  which  they  call  '  turbith  mineral/ 
'  inercurum  vitae/  sublimate  precipitate,  and  mercury  cosmetical,  you  may 
most  plainly  and  distinctly  sec  the  globular  atoms  of  current  and  quick 
mercury  besprinkled  all  among  the  powders,  like  so  many  little  stars  in 
the  firmament."  2  He  also  notices  the  minute  structure  of  several  leaves,  and 
may  be  considered,  together  with  Dr.  Hooke,8  as  the  English  representative 
of  microscopical  science  at  that  date. 

1  The  Select  Works  of  Antony  Van  Leeuwenhoek,  4 to.    Lond.,  1798. 

3  Experimental  Philosophy,  in  Three  Books,  containing  New  Obserratom  Experiments, 
Microscojncal,  Mercurial,  Ataanctical.    London,  1663. 

*  Dr.  Hooke  published  bis  "Micrognathia  Illustrate"  in  1656,  in  the  Philosophical 
Transactions,  in  which  he  made  known  his  invention  of  glass  globules  applied  to  the 
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Microscopical  observers  rapidly  multiplied  as  the  instrument  itself  was 
perfected,  and  by  about  the  year  1825,  really  good  instruments,  although 
imt  absolutely  achromatic,  could  In?  purchased.  In  183S,  Ehrenberg 
brought  out  his  jrreat  fulio  on  Infusorial  Life.  The  beauty  of  the 
illustrations  in  this,  have  never  been  surj Missed  ;  they  amply  prove  that 
\cry  early  in  the  nineteenth  century,  f«»r  those  who  could  afford  the 
expa  nse,  there  were  instruments  of  «rreat  power,  precision,  and  definition.1 

In  hS44,  Donne  -  puMi^-lit'd  \\\<  beautiful  plates  coutaiuing,  among  other 
tilings,  some  accurate  representations  of  the  milk  corpuscles  (see  article  on 
'Milk').  Dr.  I  re,  in  an  important  case  in  which  an  attempt  was  made 
to  evade  the  duty  on  cassava  starch  by  calling  it  arrowroot,  and  importing 
it  as  Mich,  detected  the  fraud  by  the  microscopic  appearances  alone.  An 
excellent  collection  of  objects  illustrating  the  minute  anatomy  of  plants 
was  to  be  found  in  1*4">  in  the  Museum  of  the  College  of  Surgeons,  the 
catalogue  of  which  was  edited  in  an  illustrated  form  by  Professor  Quekett.3 
A  Unit  the  same  time,  Quekett  uUo  delivered  several  lectures  on  histology, 
in  the  course  of  which  he  pointed  out  the  value  of  the  microscope  in  the 
detection  of  fraud.1 

S  31.  In  the  latter  part  of  the  eighteenth  and  the  Itfginniug  of  the 
nineteenth  century,  chemistry  advanced  with  rapid  strides :  Neumann 
Caspar*  made  various  experiments  on  milk,  wine,  butter,  tea,  coffee,  and 
other  substances ;  the  Doerhaave  School'3  analysed  milk ;  Berzelius  issued 
his  chemical  }  apers  :  Scheele  instituted  a  variety  of  researches,  and  thus 
the  foundation  was  being  laid  of  those  processes  which  were  improved  and 
perfected  by  the  philosophical  mind  of  Lie  big,  and  applied  in  the  analyses 
of  various  vegetable  products"  by  Mulder,  many  of  whose  methods  are  still 
quoted  and  taken  to  a  certain  extent  as  standard.  This  advance  in  chemical 
science  was  naturally  accompanied  by  more  elaborate  and  scientific  workB 
on  food,  and  for  the  lirst  time  it  became  possible  to  study  the  subject  in  a 
philosophical  manner,  and  to  apply  a  variety  of  processes  for  the  detection 
of  fraud. 

microscope,  by  which  an  inmivii-i1  magnifying  power  was  obtained.  He  afterwards 
published  a  work  entitled.  Mi>  roiirtiphm  ;  or,  X  >,n>  Phusioliyicnl  Descriptions  of  Min\U* 
1>'»i!k,  .,«/»/''■  h.i  is  if  M"j.-i  ni  w  o7if.NH.-5.  «' "it h  "f>s.  ri'tift'oiifi  and  Enquiries  thereujxm, 
by  K,  Ilooke,  F.R.S.  London,  170»"».  Tin ■  wmk  is  a  folio  illustrated  with  well-executed 
fiijijH-r  plates.  He  deM-ribcs  and  tiguiv>,  like  Lecuweuhoek,  poppy  seeds,  vinegar  eels, 
ete.  Ho  was  a  man  of  great  i ii^e-rmity  and  celebrity.  In  a  theoretical  manner  he 
anticipated  the  telephone,  f«>r  in  the  preface  he  s,ays:  "Tis  not  impossible  to  hear  a 
whi>iMT  a  furlongs  distance,  it  having  b.-eii  already  done,  and  perhaps  the  nature  of  the 
thing  would  not  make  it  more  impossible  though  that  furlong  should  be  many  times 
multiplied.  .  .  .  lean  assure  the  reader  that  1  have,  by  the  help  of  a  distended  wire, 
propagated  the  s«>und  to  a  very  considerable  distance  in  an  instant,  or  with  as  seemingly 
quick  a  motion  as  that  of  light,  at  huM  incomparably  swifter  than  that  which  at  the 
same  time  was  propagated  through  the  air.  and  thi>  ma  only  in  a  straight  line,  or  direct, 
but  in  one  bended  in  many  angle-." 

I  />/.■  liir'iisi.hnithi-  rrJ.ft!  ,.\  7v  .ii'-i  e  (.'.-./.',' <'.N.,.f/{,  by  IX  Christians  Gottfreid 
KhienbiTg.    Leipzig,  IN'IS. 

-  A.  Donne:  {'ours  if:  M.'cr  ■>•  /•■ . 

■;  l>>*>lrtirr  <i:i'f  l'histrt'f'-l  ('./'.">/..■.  ff.it-  m*t..iojic,tT  series  in  the  Muscuni  of  the 
U  'if,''  C.7m/'  if  Sunjri.  /.«.  Vol.  II..  ls;>0. 

*  l.teiure.s  on  Histology,  delivered  at  the  Royal  College  of  Surgeons,  1850-1. 

:"  Neumann  Casper,  M. P.,  /'.'  77, C<//v»\  li-rr  rn 7  //"./*.  Leijtsir,  1735.  The 
(V. Work*  nf'  *V.i:  ..♦»/:#«  f.iV..#-,  ,»?*/-,./,,.  7  ,.«7  .■  ■<  '/<■.■./.  W,  by  William  Lewis. 
I..>nd<>n,  177H. 

II  See  chapter  on  '  Milk.' 

:  Th  +  Chf.iistrii  "f  .tn.  ,imi  I  "m/.  .V ;  V  P/'  ,$i  !  <ttit  ?r<ni$?«t?d  from  the  Dutch, 
bv  1*.  1*'.  H«  Frond*  rg.    Kdinbutgh.  IS  l.r». 
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§  32.  There  was  published,  in  1820,  a  work  on  the  adulteration  of  food, 
by  Frederick  Accum,1  which  is  sometimes  inaccurately  referred  to  by 
writers  of  the  present  day  as  Death  in  the  Pot.  Accum,  however,  wrote 
no  work  bearing  that  title,  which  belongs  properly  to  a  little  book  by  an 
anonymous  writer,  to  be  noticed  presently.  Accum's  work,  appearing  just 
at  a  time  when  several  brewers  had  been  fined  heavily  for  having  in  their 
possession  illegal  substances,  and  being  reviewed  most  favourably  by  the 
press,  exercised  a  very  great  influence  on  the  public  mind — the  more  so  as 
it  was  written  with  considerable  ability  and  knowledge  of  the  subject. 

After  giving  a  general  review  of  adulteration,  and  proving  that  it  waa 
a  widespread  evil,  affecting  more  or  less  every  industry — that  woollen  goods 
were  adulterated  with  cotton,  soap  with  clay,  paper  with  plaster  of  Paris, 
provisions  of  all  kinds  with  a  number  of  worthless,  or  actually  injurious, 
substances,  that  even  hardware,  such  as  cutlery  and  the  like,  did  not  escape 
— he  is  surprised  at  the  great  ingenuity  applied  to  such  bad  purposes. 
"The  eager  and  insatiable  thirst  for  gain,"  he  observes,  "which  seems  to- 
be  a  leading  characteristic  of  the  times,  calls  into  action  every  human 
faculty,  and  gives  an  irresistible  impulse  to  the  power  of  invention,  and 
where  lucre  becomes  the  reigning  principle,  the  possible  sacrifice  of  a  fellow- 
creature's  life  is  a  secondary  consideration."  From  generalities,  Accum 
then  proceeds  to  describe  more  or  less  minutely  the  fraudulent  tricks  of 
each  particular  trade :  "  The  baker  asserts  that  he  does  not  put  alum  in 
his  bread,  but  he  is  well  aware  that  in  purchasing  a  certain  quantity  of 
flour,  he  must  take  a  sack  of  '  sharp  whites,'  a  term  given  to  flour  contami- 
nated with  a  quantity  of  alum,  without  which  it  would  be  impossible  for 
him  to  produce  light,  white,  and  porous  bread  from  a  half-spoiled  sub- 
stance." He  also  states  that  the  bakers  used  a  powder  technically  called 
'stuff,'  consisting  of  one  part  of  alum  in  minute  crystals  and  three  parts 
of  salt. 

In  speaking  of  browing  frauds  he  supports  his  assertions  by  reference 
to  actual  convictions  taken  from  the  papers  of  the  day,  and  he  cites  among 
others  the  King  v.  Richard  Bowman,  Times,  May  18,  1818,  in  which  the 
defendant,  a  brewer  of  Wapping,  was  convicted  of  having  a  substance  called 
'  multum ' 2  on  his  premises,  and  fined  £200  ;  and  the  King  r.  Luke  Lyons,, 
in  which  the  defendant  was  convicted  of  having  various  deleterious  drugs 
in  his  brewery,  among  which  were  capsicum  and  copperas,  and  fined  £420. 

From  these  and  similar  trials  and  cases,  he  gives  a  list  of  the  adultera- 
tions in  use  by  the  brewers,  among  which  figure  multum  (just  mentioned), 
cocculus  indicus,  sold  to  tanners  and  dyers  under  the  name  of  'black 
extract,'  and  'bittern,'  composed  of  calcined  sulphate  of  iron,  extract  of 
cocculus  indicus,  extract  of  quassia  and  Spanish  liquorice — a  compound  not 
much  dissimilar  from  some  of  the  '  hop  substitutes '  of  the  present  day. 
He  also  gives  a  list  of  the  publicans  convicted,  between  1815  and  1818,  of 
adulterating  beer;  these  cases  were  nineteen  in  number;  but. the  only 
adulterations  proved  seem  to  have  been  '  salt  of  steel,'  which  was  doubtless 
sulphate  of  iron,  common  salt,  molasses,  and  the  mixing  of  table  beer  with 
strong  beer.    The  fines  ranged  from  £5  to  £400. 

In  a  notice  of  Mr.  Accum's  work  in  No.  156  of  the  Literary  Gazette, 
there  occurs  the  following  passage,  which  may  serve  as  an  example  of  the 

1  A  Treatise  on  the  Adulteration  of  Food  and  Culinary  Poisons,  exhibiting  the 
Fraudulent  Sophistication  of  Bread,  Beer,  Wine,  Spirituous  Liquors,  Tea,  Coffee,  etc., 
by  Frederick  Accum.    London,  1820. 

9  Multum,  a  mixture  of  extract  of  quassia  and  liquorice. 
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spirit  of  the  press : — "  Devoted  to  disease  by  baker,  butcher,  grocer,  wiue 
merchant,  spirit  dealer,  cheese-monger,  pastry  cook,  and  confectioner,  the 
physician  is  called  to  our  assistance.  But  here  again  the  pernicious  system 
of  fraud,  as  it  lias  given  the  blow,  steps  in  to  defeat  the  remedy.  The  un- 
principled dealer  in  drugs  und  medicines  exerts  the  most  potent  and 
diabolical  ingenuity  in  sophisticating  the  most  potent  and  necessary  drugs 
— Peruvian  bark,  rhubarb,  ij>ecacuanha,  magnesia,  calomel,  castor  oil, 
spirits  of  hartshorn,  and  almost  every  other  medical  commodity  in  general 
demand,  and  chemical  preparation  used  in  pharmacy." 

A  few  years  after  Accum's  work  a  small  duodecimo  appeared,  familiarly 
known  under  the  name  of  Death  in  the  Pot,  but  the  full  title  of  which 
was — Deadly  Adulteration,  awl  Slow  Poisoning,  and  Death  in  the  Pot 
awl  the  Bottle,  in  which  the  bloo^l-emjioisoning  awl  life-destroying  adultera- 
tion* of  wines,  sjririts,  beer,  bread,  flour,  tea,  sugar,  spices,  cheese-mongery, 
pastry,  confectionery,  medicines,  etc ,  art  laid  open  to  the  i>ublic,  with  tests 
or  methods  for  ascertaining  awl  detecting  the  fraudulent  awl  deleterious 
adulterations,  awl  the  good  awl  bail  qualities  of  those  articles,  with  an 
expose  of  metlical  empiricism  awl  imposture,  quark*  awl  quackery,  regular 
and  irregular,  legitimate  awl  illegitimate,  awl  the  frauds  and  malpractices 
of  'pawnbrokers  awl  in adhousc  keepers.  By  an  enemy  of  fraud  and  villany 
Ijondon.1  This  little  brochure  of  137  pages,  written  in  a  popular  style,  and 
rejoicing  in  a  startling  title,  enjoyed  a  large  circulation,  and,  despite  its 
small  intrinsic  merit,  hart  more  influence  on  the  popular  mind  than  any 
similar  work  that  had  ever  appeared.  As  may  be  expected  from  the  title, 
the  book  is  grossly  sensational,  and  in  speaking  of  water,  the  author  says: 
u  The  filthy  and  unwholesome  water  supplied  from  the  Thames,  of  which  the 
delicate  citizens  of  Westminster  fill  their  tanks  and  stomachs  at  the  very 
spot  where  one  hundred  thousand  cloaehue,  containing  every  species  of 
filth  and  all  unutterable  things,  and  strongly  impregnated  with  gas,  the 
refuse  and  drainngo  of  hospitals,  slaughter-houses,  colour,  lead,  and  soap 
works,  drug  mills,  manufactories,  and  dunghills,  daily  discharge  their 
abominable  contents,  is  so  fearful  that  we  see  there  is  no  wisdom  in  the 
well,  and  if  we  then  fly  to  wine  we  find  no  truth  in  that  liquid.  Bread 
turns  out  to  be  a  crutch  to  help  us  onward  to  the  grave,  instead  of  being 
the  staff  of  life.  In  porter  there  is  no  support,  in  cordials  no  consolation, 
iu  almost  everything  poison,  and  in  scarcely  any  medicine  cure."  In 
another  place  he  ascribes  the  sudden  deaths  of  people  in  the  streets,  etc., 
to  the  adulteration  of  their  food.  Among  the  sophistications  of  beer  he 
enumerates,  following  Accum,  cocculus  indicus,  St.  Ignatius  bean,  nux 
vomica,  tobacco,  and  extract  of  poppies. 

1  No  date,  but  probably  about-  182f».  A  small  Latin  work,  with  a  somewhat  similar 
title,  had  been  published  about  a  century  previous.  Mors  in  Ulla,  wit  mttallicum 
rontayiuiii  in  ciboriiui,  potuiiia  ct  nwlituimcutnruin.  Schulze  :  1722.  This  is,  however, 
of  but  little  merit,  and  only  points  out  tin?  danger  of  metallic  contamination  by  articles 
cooked  or  preserved  iu  cop]»er  vessels.    At  the  end  is  the  following : — 


There  were  besides  other  '  Deaths '  ;  as  for  example — Mors  in  vitro  scu  Icthifera  vini 
adusti  damna  ex  sola  ejusdcui  astringendi  virtuti  coiUrabeta,  N.  B.  Noel.  1709.  A  poor 
tract,  fall  of  words,  and  offering  nothing  new. 


"  Herr  Anhalt  zeigt  den  Tod  in  Tipfeii 
Das  ist  erschi*«'»cklich  '  dock  dnbey, 


Wodurch  cr  dann  giebt  deutlich  zu  erkennen 

Dass  man  ihu  bald  mit  Ruhm  wird  Doctor  iienueii." 
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§  33.  About  nine  years  after  Accum's  book  had  been  published  in 
England,  A.  Bussy  and  A.  F.  Boutron-Charlard  published  in  France  a  work 
of  considerable  merit  on  the  adulteration  of  drugs,1  the  arrangement  of 
which  is  strictly  alphabetical.  In  the  preface,  the  authors  assert  that  the 
great  development  in  the  art  of  adulteration  had  taken  place  particularly 
since  the  wars  of  the  Republic  and  the  establishment  of  the  Continental 
system,  and  that  it  was  due  more  especially  to  the  action  of  the  govern- 
ment, who  encouraged  the  use  of  products  of  home  growth,  in  consequence 
of  which  roots  grown  in  France  were  being  substituted  for  those  of  foreign 
origin.  Chestnut  bark,  French  rhubarb,  and  poppy  were  proposed  to  re- 
place the  quinine  of  Peru,  the  rhubarb  of  China,  and  the  opium  of  the 
Levant. 

Gamier  and  Harel,  in  1844,  published  their  treatise,2  a  well-written 
work,  moderate  in  tone,  and  without  exaggeration.  A  great  number  of 
the  chemical  reactions  and  tests  mentioned  by  them  are  in  actual  use  at 
the  present  time.  Two  years  later,  J.  B.  Friedrich,  in  Germany,  published 
his  observations  on  the  same  subject.8  The  arrangement  of  Friedrich's 
work  is  alphabetical.  He  paid  much  attention  to  the  composition  of 
diseased  milk ;  and  although  he  made  little,  if  any,  use  of  the  microscope, 
the  chemical  details  of  the  work  are  superior  to  any  that  had  hitherto 
appeared  (see  article  on  'Milk'). 

§  34.  About  the  same  time,  after  more  than  twenty  years  had  elapsed 
since  the  publication  of  any  English  work — Accum's  being  the  last — the 
subject  of  adulteration  was  revived  here  by  John  Mitchell,4  who  published 
what  must  be  considered  a  very  useful  volume,  although  many  of  the 
tests  he  gives  would  scarcely  stand  the  ordeal  of  a  court  of  justice  at  the 
present  day.  He  states,  e.g.,  that  if  an  infusion  of  tea,  treated  with 
sulphate  of  copper,  and  heated,  throws  down  a  copious  chocolate  precipi- 
tate, 4  hawthorn 1  is  present ;  if  the  infusion  becomes  of  a  bright  green 
colour  on  adding  caustic  soda,  sloe  leaf5  is  probable;  but  if,  on  the 
addition  of  acetic  acid,  the  solution  possesses  a  very  bright  colour,  1  its 
presence  is  certain.*  Mr.  Mitchell's  confidence  in  these  reactions  is 
amusing ;  but  on  the  other  hand,  the  greater  number  of  his  observations 
are  still  valid. 

§  35.  In  1850  Chevallier  issued  his  dictionary  of  adulteration,6  which, 
through  successive  editions,  has  from  the  time  of  its  appearance  been, 
par  excellence,  the  standard  French  work  on  the  subject.  Many  years 
before  the  publication  of  his  great  work,  however,  M.  Chevallier  had 
practically  studied  the  question,  as  is  proved  by  documentary  evidence, 
and  by  his  numerous  representations  to  the  Government  on  the  necessity 

1  Traite  des  nun/ens  de  reconnaitre  les  falsifications  des  drogxict  simples  et  comjwsecs, 
by  A.  Bussy  et  A.  F.  Boutron-Charlard.    Paris,  1829. 

2  Des  falsifications  des  substances  aliinentaires  et  des  moyens  ehimiqucs  dt  les  rccon- 
naftre,  by  Jules  Gamier  et  Ch.  Harel.    Paris,  1884.    Small  8vo. 

*  Handbuch  der  Oesundheitspolizci,  der  Speisen,  Qetrankc,  und  der  zu  ihrer  Bereitung 
(jebrdiiehlichstcn  Ingredicnttn,  edited  by  J.  B.  Friedrich,  Ant- bach,  1846.  8vo. 

4  Treatise  on  Mis  Falsifications  of  Food,  with  the  Chemical  means  employed  to  detect 
them,  by  John  Mitchell,  F.C.S.    London,  1848. 

6  The  belief  in  the  adulteration  of  tea  by  the  leaves  of  the  sloe  is  almost  contempo- 
raneous with  the  introduction  of  tea  itself  into  England,  and  there  are  numerous  allusions 
to  the  practice  scattered  throughout  the  various  fugitive  contributions  to  literature. 
However,  that  tea  has  been  actually  adulterated  with  sloe  leaves  rests  on  no  direct 
evidence  worthy  of  consideration. 

•  Dictionnaire  d<es  alterations  et  ties  falsificativns  des  substances  alimcntaircs,  by 
M.  A.  Chevallier.    Paris,  1st  ed.,  1850. 
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of  amending  the  law.  In  a  petition  presented  to  the  National  Assembly 
in  1848,  he  says1:  "Since  1833  I  have  constantly  addressed  to  the 
Chambers  of  Deputies  petitions  on  the  same  subject,  but  these  petitions 
have  ever  been  abortive,  and  fraud  has  progressively  augmented."  The 
first  edition  of  his  dictionary,  written  in  a  clear  style,  contained  an  excellent 
resume  of  what  was  already  known  with  regard  to  falsifications,  and, 
besides,  was  enriched  with  many  new  facts  —  the  result  of  a  long 
experience. 

In  the  same  year,  1850,  Alphonse  Normandy,  who  published  the 
results  of  thirteen  years'  labour  in  a  Handbook  of  Commercial  Analysts, 
was  one  of  the  first  who  recommended  the  use  of  the  microscope  for  the 
detection  and  discrimination  of  starches  :  "  The  admixture  of  potato  flour 
or  fccula  with  wheat  flour  may  bo  very  well  detected  by  the  microscope," 
p.  210.  The  scope  of  his  work  embraced  not  only  the  analysis  of  food, 
but  also  the  examination  of  a  variety  of  commercial  substances,2  such  as 
ores,  agricultural  manures,  soaps,  etc.  The  arrangement  is  alphabetical ; 
successive  editions  have  brought  the  work  to  the  present  time. 

§  36.  A  year  after  the  appearance  of  Normandy's  English  and 
Chevallier's  French  works  appeared  the  papers  of  Dr.  Hassall,  in  the 
pages  of  the  Lancet,  as  already  mentioned.  The  publication  of  these 
papers  marked  a  new  era  in  legal  medicine  and  the  investigation  of  foods, 
and  the  technical  application  of  the  microscope  was  fully  developed  in 
the  English  use.  It  was  not  so,  however,  among  Continental  chemists, 
for  Hureaux,  in  his  Hisioire  des  Falsification*,  published  in  1855,  scarcely 
mentions  the  microscope,  although,  so  far  as  chemical  tests  go,  his  work 
leaves  nothing  to  be  desired.  This  is  the  more  curious,  since  the  author 
was  aware  of  the  evidence  given  before  the  select  committee,  as  is  obvious 
from  more  than  one  reference. 

§  37.  In  1874  a  movement  took  place  in  England,  the  effect  of  which 
has  been  to  give  an  extraordinary  stimulus  to  analytical  chemistry — viz., 
the  establishment  of  the  Society  of  Public  Analysts.  The  movement 
originated  with  a  few  of  the  leading  analysts,  who,  after  one  or  two 
private  meetings,  called  a  general  gathering,  which  all  those  engaged  in 
actual  practice  were  invited  to  attend.  This  meeting  took  place  at  the 
Cannon  Street  Hotel  in  August  1874;  and  in  a  few  months  the  society 
was  fully  organised,  and  a  definition  of  adulteration  within  certain  'limits' 
had  been  laid  down  as  follows  for  the  guidance  of  members : — 

DEFINITION  OF  AN  ADULTERATED  ARTICLE. 

An  article  shall  be  deemed  to  be  adulterated — 
A.  In  the  case  of  food  or  drink : — 

1.  If  it  contain  any  ingredient  which  may  render  such  article  injurious  to  the  health 
of  a  consumer. 

il.  If  it  contain  any  substance  that  sensibly  increases  its  weight,  bulk,  or  strength, 
or  gives  it  a  fictitious  value,  unless  the  amount  of  such  substance  present  be  due 
to  circumstances  necessarily  appertaining  to  its  collection  or  manufacture,  or  be 
necessary  for  its  preservation,  or  unless  the  presence  thereof  be  acknowledged  at 
the  time  of  sale. 

3.  If  any  imj>ortant  constituent  has  been  wholly  or  in  Dart  abstracted  or  omitted, 
unless  acknowledgment  of  such  abstraction  or  omission  be  made  at  the  time 
of  sale. 

4.  If  it  be  an  imitation  of,  or  be  sold  under  the  name  of,  another  article. 

1  Petition  sur  Us  falsifications,  adrcsstc  a  I 'assemble  nationale,  .by  A.  Chevallier.  1848. 
*  A  Handbook  of  Commercial  Analysis,  by  A.  Normandy.    London,  1850. 
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Pharmacopoeia,  it  be  not  equal  in  strength  and  purity  to  the  standard  laid  down 
in  that  work. 

2.  If  when  sold  under  a  name  not  recognised  in  the  British  Pharmacopoeia,  it  differ 
materially  from  the  standard  laid  down  in  approved  works  on  Materia  Medica,  or 
the  professed  standard  under  which  it  is  Hold. 


The  following  shall  be  deemed  limits  for  the  resj>ective  articles  referred  to : — 

Milk  shall  contain  not  less  than  9*0  per  cent,  by  weight,  of  milk  solids  not  fat,  and 

not  less  than  2*5  per  cent  of  butter  fat. 
Skim  Milk  shall  contain  not  less  than  9*0  per  cent,  by  weight,  of  milk  solids 

not  fat 

Bviitr  shall  contain  not  less  than  80  '0  per  cent  of  butter  fat 

Tea  shall  not  contain  more  than  8*0  per  cent  of  mineral  matter,  calculated  on  the 
tea  dried  at  100°  C,  of  which  at  least  8*0  per  cent  shall  be  soluble  in  water,  and 
the  tea  as  sold  shall  yield  at  least  80*0  per  cent  of  extract 

Cocoa  shall  contain  at  least  20  per  cent  of  cocoa-fat 

Vinegar  shall  contain  not  less  than  3  '0  per  cent,  of  acetic  acid. 

§  38.  The  '  Proceedings/  which  appeared  first  in  the  Chemical  News,  were 
afterwards  published  in  the  special  organ  of  the  Society — the  Analyst — 
throughout  the  pages  of  which  will  be  found  details  of  numerous  pro- 
cesses, discoveries,  and  improvements  in  practical  chemistry,  which  it  is 
certain  would,  for  the  most  part,  not  have  been  invented  or  known,  had 
there  been  no  such  encouraging  organisation.  With  this  brief  account  of 
the  establishment  among  us  of  the  Society  of  Public  Analysts,  we  may 
bring  our  sketch  to  a  close. 


VI.— THE  PRESENT  LAW  IN  ENGLAND  RELATIVE 
TO  ADULTERATION  OF  FOOD. 

The  Sale  ok  Food  and  Druus  Act,  38  and  39  Vict.  c.  68,  1875 ;  Sale  of  Food 
and  Drugs  Act  Amendment,  1879,  42  and  43  Vict.  0.  30 ;  The  Margarine 
Act,  1887,  50  and  51  Vict,  a  29  ;  The  Sale  of  Food  and  Drugs  Act  Amend- 
ment, 1889,  62  and  63  Vict.  c.  51. 

§  39.  The  preamble  of  the  *  Sale  of  Food  and  Drugs  Act '  repeals  the 
Acts  in  force  relating  to  the  adulteration  of  food. 

Section  2  of  the  1875  Act  defined  the  term  food  to  include  every 
Article  used  for  food  or  drink  by  man,  other  than  drugs  or  water,  and  the 
term  'drug1  to  include  every  medicine  for  external  or  internal  use,  and 
section  26  of  the  1899  Act  expressly  extended  the  definition  to  flavouring 
matters  and  condiments. 

Section  3  of  the  1875  Act.  No  person  shall  mix,  colour,  stain,  or 
powder,  or  order  or  permit  any  other  person  to  mix,  colour,  stain  or  powder, 
any  article  of  food,  with  any  ingredient  or  material  so  as  to  render  the 
article  injurious  to  health,  with  intent  that  the  same  may  be  sold  in  that 
state ;  and  no  person  shall  sell  any  such  article  so  mixed,  coloured,  stained 
or  powdered,  under  a  penalty  in  each  case  not  exceeding  fifty  pounds  for 
the  first  offence :  Every  offence  after  a  conviction  for  the  first  offence  shall 
be  a  misdemeanour,  for  which  the  person,  on  conviction,  shall  be  imprisoned 
for  a  period  not  exceeding  six  months  with  hard  labour. 


recognised  iu  the  British 


LIMITS. 
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The  sixth  section  of  the  amended  Act  is  to  be  read  with  the  sixth  section  of  the 
principal  Act,  for  it  states  that 11  in  determining  whether  an  offence  has  been  committed 
under  section  six  of  the  said  Act,  by  selling  to  the  prejudice  of  the  purchaser  spirits  not 
adulterated  otherwise  than  by  the  admixture  of  water,  it  shall  be  a  good  defence  to  prove 
that  such  admixture  has  not  reduced  the  spirit  more  than  twenty-five  degrees  under 
proof  for  brandy,  whisky,  or  rum,  or  thirty-five  degrees  under  proof  for  gin."° 


Section  7  of  the  principal  Act  enacts  that  "  No  person  shall  sell  any 
compound  article  of  food,  or  compounded  drug,  which  is  not  composed  of 
ingredients  in  accordance  with  the  demand  of  the  purchaser ;  penalty  not 
exceeding  £20." 

Section  8  provides  "  That  no  person  shall  be  guilty  of  any  such  offence 
as  aforesaid  in  respect  of  the  sale  of  an  article  of  food  or  a  drug  mixed 
with  any  matter  or  ingredient  not  injurious  to  health,  and  not  intended 
fraudulently  to  increase  its  bulk,  weight,  or  measure,  or  conceal  its  inferior 
quality,  if  at  the  time  of  delivering  such  article  or  drug  he  shall  supply  to 
the  person  receiving  the  same  a  notice  by  a  label  distinctly  and  legibly 
written  or  printed  on  or  with  the  article  or  drug,  to  the  effect  that  the 
same  is  mixed."  This  label,  by  the  12th  section  of  the  1899  Act,  is  to  be 
legibly  written  or  printed,  and  not  obscured  by  other  matters  on  the  label. 

Section  9  enacts  "  That  no  person  shall,  with  the  intent  that  the  same 
may  be  sold  in  its  altered  state  without  notice,  abstract  from  an  article  of 
food  any  part  of  it  so  as  to  affect  injuriously  its  quality,  substance,  or 
nature,  and  no  person  shall  sell  any  article  so  altered  without  making  dis- 
closure of  the  alteration,  under  a  penalty  in  each  case  not  exceeding  £20." 

§  41.  One  of  the  chief  loopholes  which  offenders  against  the  Act  have 
diligently  availed  themselves  of  is  the  label  section,  Section  8.  A  label 
will  often  have  a  description  of  the  article  in  large  letters,  such  as  COCOA, 
COFFEE,  etc.,  and  then  in  miserably  small  type  a  statement  that  the 
article  is  mixed.  In  the  case  of  Liddiard  v.  Reece  (44  J.  P.  233),  a  grocer 
had  sold  half  a  pound  of  a  mixture  of  coffee  and  chicory  to  an  inspector  ; 
the  mixture  was  contained  in  a  canister,  and  was  duly  weighed,  and  the 
full  price  of  coffee  was  paid  for  it.  After  the  sale  had  been  completed,  the 
purchaser  informed  the  appellant  that  he  intended  to  have  the  article 
analysed.  Thereupon,  while  the  packet  was  still  on  the  counter,  the 
appellant  called  the  purchaser's  attention  to  the  label,  on  which  the 
purchaser  noticed  for  the  first  time  the  words,  "  This  is  sold  as  a  mixture 
of  chicory  and  coffee,"  printed  in  distinct  and  legible  characters.  The 
label  was  affixed  in  a  conspicuous  position  on  the  outside  of  the  packet. 
The  purchaser  then  said  that  he  had  asked  for  'coffee/  and  not  for 
*  chicory  and  coffee.'  The  mixture  was  found  by  the  analyst  to  consist  of 
60  parts  coffee  and  40  parts  chicory.  On  the  hearing  of  the  case  before 
the  magistrates,  they  convicted  the  vendor  on  the  following  grounds : — 
"  The  fact  that  the  purchaser  asked  for  coffee  and  was  supplied  with  an 

a  certain  article,  and  gets  an  article  which,  by  reason  of  some  admixture  of  a  foreign 
article  is  not  of  the  nature  or  quality  of  the  article  asked  for,  he  is  necessarily  prejudiced. 

The  words  '  to  the  prejudice  of  the  purchaser '  are  necessary  for  the  purpose  of 
not  "interfering  with  the  Bale  of  an  article  of  an  inferior  nature  or  quality  to  that 
demanded.  Tne  prejudice  contemplated  was  not  confined  to  a  pecuniary  prejudice,  for 
it  would  very  mucn  diminish  the  probability  of  bringing  home  offences  against  the  Act 
.  thoee  who  were  really  guilty,  and  this  was  a  sufficient  argument  against  such  a 
a  99 

section  14  of  the  Licensing  Act,  1874,  it  is  provided,  "That  all  convictions  for 
y  ^Adulterated  drinks  shall  be  entered  in  the  proper  register  of  licenses,  and  may  be 
„     JL*  tn  be  recorded  in  the  license  in  the  same  manner  as  if  the  offence  had  been  com- 
tegf^inst  this  Act." 
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;irtit.-l»?  i:uii.«iistiu^  of  only  flu  jkt  cent,  coffee  and  40  per  cent,  chicory,  with- 
out having  his  attention  called  to  the  laliel :  and  without,  in  fact,  seeing 
it  until  the  purchase  was  completed,  and  also  the  fact  that  the  price  he 
jiaid  for  tli>-  ttiid  article  was  a  usual  and  fair  price  for  pure  coffee,  and 
much  nioiv  than  would  have  been  given  for  coffee  mixed  with  chicory  to 
th*:  aliove  pxtcut ....  and  that,  therefore,  the  appellant  was  not  protected 
by  the  .-aid  eighth  section." 

On  appeal  the  com  !-  tion  was  atlirmcd.  In  Petchey  v.  Taylor,  62  J.  P. 
.'{'JO,  i}.  I  J.  !».,  a  fonvictinn  fnr  selling  condensed  milk  in  a  tin,  the  label  of 
whi<-h  -tUN-f]  the  milk  was  skimmed,  whereas  the  milk  was  separated,  not 
nkinmi«-'I,  was  affirmed  on  appeal. 

Tii*-!-  i ,  jiIvi  ii  similar  derision  in  the  wise  of  Holder  r.  Meddings,  44  J.  P.  234. 1 

In  Jones  r.  Joins,  ~)H  J.  P.  132,  it  was  decided  that  it  was  not 
in:ci  s-arv  to  call  tin-  buyer's  attention  to  the  label,  provided  the  label  is 
<li.-.t.uir-r  and  that  there  is  no  fraudulent  concealment  as  to  the  low  quality 
of  the  article  sold.  The  case  was  tliat  the  vendor  sold  a  mixed  cocoa,  the 
packet,  hejuir  legibly  labelled  as  a  mixture,  and  it  was  held  that  the  seller 
was  protected  by  such  label.  Any  verbal  declaration  is  no  protection 
mile..-,  it,  is  uttered  before  the  sale  is  completed.  The  sale,  again,  is 
e, id«  nfl  .  u'»i  completed  until  the  goods  are  delivered  into  the  purchaser's 
hand,  aiel  th"  vendor  has  received  the  money.  Should  a  person  buy  any 
Kub-:t.iiM  i-  in  ;i  shop,  and  (after  having  tendered  his  money,  and  the  same 
h.i-.  b'-i-n  aeccjjt.i.*lj  proceed  to  state  that  the  article  is  required  for  analysis, 
au'l  the  vendor //#*•/#  attempt  to  return  the  money:  if  the  purchaser  does 
no'  irc.ej.t  the  money,  the  sale  is  evidently  complete.  On  the  other  hand 
an  in--.peetf,|-  went  into  a  druggist's  shop  and  asked  for  quinine  wine. 
The  ehemi-.t.  -.ei  verj  him  with  the  wine,  wrapped  it  up,  and  laid  it  on  the 
"nmfer.  Tie-  inspector  then  produced  his  lwttles,  and  declaring  the 
n;if  iire.  of  his  errand,  was  nlmut  to  divide  the  wine  into  three  parts,  when 
the.  drui'L'ist  seized  the  bottle  and  refused  to  sell  the  wine,  which,  a 
moment  before,  by  his  actions  he  seemed  ready  to  do.  In  this  case,  the 
-■.lie  w;i»-.  not  complete,  lint,  now,  let  us  suppose  that  the  inspector  had 
been  :i  lirMe  (jiiicker  than  the  chemist,  and  seized  the  sample,  and,  not- 
with-.faiidiutf  the  expressed  refusal  <»f  the  druggist  to  sell,  the  inspector 
had  ea-;t.  his  money  on  the  counter — Would  the  drug  have  been  sold? 
This  question  is  somewhat  difficult-  to  answer,  but  we  think  that  it  would 

•  TliU  f:«i.M-  probably  overt  hi  ow*.  tin-  raw  ivjiorted  in  the  Times,  Jmio  8,  1879,  Gibson 
r.  lfn\f  r,  a  pi'riKi-f-.iitji.n  undertaken  under  tin*  <>ld  Act,  35  and  36  Vic,  c.  74,  sections 
1  and  On  r:oiivir-tii,n  the  vendor  appealed.  Tin*  ease  was  that  of  a  Scalding  grocer, 
who  hold  h  jnir:kft.  of  '  Kpji^'s  Ciinm*  without  making  any  verbal  statement  of  its 
eon  tent  i'..  'ihc  packet,  w.is  labelled  with  the  words  M  prei>ared  cocoa — for  ingredients, 
wo.  the  other  side,**  and  on  tie-  other  side  was  a  notification  to  the  effect  that  it  was 
n»cewiy  in  u\t\t-i  to  make  tin:  oil  in  the  cocoa  soluble  and  easy  of  digestion,  to  combine 
wii.li  it  hi  row  root  and  sugar.  Tin- court  quashed  the  conviction,  holding  that  assuming 
tin;  co«:oa  t.o  In;  adulterated,  it  had  not  been  sold  as  unadulterated.  In  the  case  of  Pojie 
•\  Turle  M3,  Ism  Journal).  May  28,  1874,  the  Justices  of  Hedford  dismissed  a  summons 
for  si  lling  adiilti-iMtffl  muMard,  and  the  purchaser  appealed.  It  was  stated  in  the  ease 
that  at  tin:  lime  tin-  respondent  dclhered  the  mustard  to  the  ap|K-llant  he  said:  "I  do 
not  w.l!  you  this  a^  pure  mustard."  The  mustard  was  found  to  be  the  common  mixture 
of  flour  and  mustard.  Lord  Coleridge,  Mr  Justice  Brett,  and  Mr  Justice  Grove  were 
undivided  in  their  opinion  t  hat  t lie  seller  was  entitled  to  their  judgment  on  the  ground 
of  his  having  declared  to  the  lmrchascr  that  the  mustard  was  mixed  with  some  other 
ingredient,  and  that,  even  had  he  not  done  so,  he  could  not  come  within  the  section  to 
incur  the  penalty,  because  if  tint  admixture,  was  such  as  to  make  it  an  adulterated  article, 
still  he  had  not  sold  it  as  an  unadulterated  article. 
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have  been  a  sale,  and,  if  adulteration  had  been  proved,  the  vendor  would 
probably  not  have  escaped  through  adopting  the  defence  that  there  had 
been  'no  sale.'1 

§  42.  There  is  an  important  question  as  to  how  far  a  vendor  can  be 
protected  by  having  a  board  in  or  over  his  shop  or  place  of  business,  giving 
notice  to  the  effect  that  all  the  goods  are  adulterated. 

The  English  law  is  made  for  those  who  cannot  read  as  well  as  for  those 
who  can :  and  presuming  a  purchaser  to  be  uneducated,  the  notice  giveB 
him  no  information.  Again,  it  is  certain  that  a  very  large  number  of 
purchasers,  even  should  the  notice  be  in  a  conspicuous  place,  fail  to  observe 
it.  In  most  cases  in  actual  practice  such  notices  are  distinct  evasions  of 
the  Act,  being  inconspicuous,  and  in  dark  corners. 

A  seller  of  milk  had  a  van  on  which  a  notice  was  placed,  "  Country 
skimmed  milk,  sold  as  adulterated  milk"  The  man  with  his  can  went  on 
foot  from  door  to  door,  the  van  being  in  the  road.  It  is  evident  that,  in 
such  a  case,  very  few  of  the  customers  could  have  seen  the  label.  An 
inspector  who  bought  a  sample  of  the  milk  did  not  see  it,  and  the  magis- 
trate convicted  the  defendant.2  The  important  appeal  case  of  Sandys  v. 
Small,8  decided  before  the  Court  of  Queen's  Bench,  June  25,  1878,  bears 
upon  this  and  lays  down  the  law.  A  publican  put  up  a  notice  in  his 
house  :  "  All  spirits  sold  here  are  mixed."  The  inspector  of  weights  sent 
a  messenger  to  buy  some  whisky,  which  was  given  without  anything  more 
being  said  on  either  side;  but  the  purchaser  admitted  that  before  he 
bought  the  whisky  he  saw  the  notice,  "  All  spirits  sold  here  are  mixed,  38 
and  39  Vict.,  c.  63,  sec.  8  and  9,"  although  at  the  very  moment  of  buying 
the  whisky  he  did  not  see  it.  It  was  proved  that  a  similar  notice  was 
posted  at  the  bar  window  in  full  view  of  persons  purchasing.  Chief- 
Justice  Cockburn  said  : — "If  the  seller  chooses  to  sell  an  article  with  a 
certain  admixture,  the  onus  lies  on  him  to  prove  that  the  purchaser  knew 
what  he  was  purchasing.  With  respect  to  the  alteration  of  the  article, 
the  Act  has  provided  him  with  the  means  of  protecting  himself  against 
such  a  presumption,  and  says  that  if  he  attaches  to  the  article  a  notice  of 
the  adulteration  which  has  been  made  in  its  quality,  then  he  shall  be 
protected  against  any  charge  of  an  offence  against  the  Act.  If  he  does  not 
resort  to  this  protection,  then  the  presumption  of  law  attaches,  and  is 
unrebutted.  If  he  can  show  that  he  brought  homo  by  other  ways  to  the 
knowledge  of  the  customer  that  the  quality  of  the  article  was  altered 
by  admixture,  then  he  does  not  commit  the  offence,  because  both  parties 
knew  it,  and  the  seller  does  not  sell  an  article  to  the  prejudice  of  the 
purchaser,  and  the  parties  are  perfectly  free  to  contract  on  that  footing. 
In  that  view  the  seller,  if  he  has  stuck  up  a  notice,  would  not  commit  an 
offence  though  he  might  not  have  affixed  a  label  to  the  bottle,  because  he 
did  not  sell  *  to  the  prejudice  of  the  purchaser.'  ...  It  was  sufficiently 
manifest  that  the  man  who  was  sent  to  buy  the  whisky  knew  of  the  notice 
stuck  up,  and  hence  it  was  clear  that  the  defendant  committed  no  offence." 

From  this  judgment  it  is  sufficiently  evident  that  where  the  general 
label  or  notice  has  been  clearly  seen  and  understood  before  making  the 
purchase,  then  no  offence  is  committed.  The  decision  of  Liddiard  v.  Reece 
does  not  cover  exactly  the  same  ground  as  the  case  just  quoted,  but  both 
appear  to  support  the  view  here  put  forward — viz.,  that  the  defendant  is 

1  In  any  case,  the  druggist  might  have  been  prosecuted  under  sect  17  of  the 
principal  Act,  for  refusing  to  sell. 

9  Analyst,  1880,  p  225.  3  L.  R.  32  Q.  B.  I).  449  ;  42  J.  P.  550. 
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bound  to  prove  that  the  purchaser  had  a  clear  knowledge  of  the  quality  of 
the  goods  before  purchasing. 

In  Palmer  v.  Tyler,  61  J.  P.  389  Q.  B.  D.,  a  notice  of  general  dilution 
of  spirits  was  hung  in  a  conspicuous  place  in  a  bar,  a  sample  of  rum  29* 
U.P.,  bought  by  an  inspector  who  did  not  see  the  notice,  formed  the 
subject  matter  of  a  magisterial  conviction.  On  appeal  the  conviction  was 
quashed* 

§  43.  Section  10  provides  for  the  appointment  of  public  analysts  in 
England,  Scotland,  and  Ireland,  by  various  local  bodies,  such  as,  in 
England,  the  Commissioners  of  Sewers  for  the  City  of  London,  the  District 
Councils  of  the  Metropolis,  the  County  Councils  of  Counties,  and  the 
Town  Councils  of  Boroughs  with  a  separate  police  establishment;  in 
Scotland,  the  Commissioners  of  Supply,  or  the  Commissioners  of  Boards  of 
Police,  or,  where  there  are  no  such  Commissioners,  the  Town  Councils  of 
Burghs;  and  in  Ireland,  the  Grand  Juries  of  the  Counties  and  the  Town 
Councils  of  the  Boroughs. 

These  appointments  must  be  confirmed  by  a  central  authority,  which 
in  England  is  the  Local  Government  Board;  in  Scotland,  one  of  Her 
Majesty's  Secretaries  of  State ;  and  in  Ireland,  the  Irish  Local  Government 
Board.  The  appointment  is  now  compulsory  under  section  3  of  the 
Amendment  Act  1899. 

The  qualifications  of  the  analyst  are,  to  a  certain  extent,  defined  by  the 
Act  of  1875,  but  the  amended  Act  of  1899  compels  proofs  of  competency 
according  to  regulations  made  by  the  Local  Government  Board,  section  3  (5), 
and  an  order  and  circular  issued  by  the  Local  Government  Board,  March  7, 
1900,  defines  the  qualifications  as  follows : — 

"  Every  person  appointed  on  or  after  the  first  day  of  January,  one 
thousand  nine  hundred,  to  the  office  of  Public  Analyst,  shall  furnish  such 
proof  as  wo  may  deem  sufficient  of  his  competent  skill  in,  and  knowledge 
of,  (a)  analytical  chemistry,  (b)  therapeutics,  and  (c)  microscopy. 

"  Such  proof  shall  in  every  case  comprise  documentary  evidence  that 
such  person  holds  the  requisite  certificate,  diploma,  license,  or  document 
conferring  the  qualification,  or  attesting  his  possession  of  the  skill  or 
knowledge  to  which  the  same  applies,  and  granted  or  issued  by  any  person 
or  body  of  persons  for  the  time  being  recognised  by  us  as  competent  to 
confer  such  qualification,  or  to  test  such  skill  or  knowledge.  Such  proof 
shall  also  comprise  such  further  evidence  as  we  may  in  any  particular  case 
require. 

"  All  such  documentary  evidence  as  is  hereinbefore  mentioned  shall  be 
furnished  by  such  person  to  the  local  authority  by  whom  he  is  appointed, 
and  shall  be  transmitted  to  us  by  the  local  authority  when  applying  for 
our  approval  of  the  appointment. 

"  Provided  that  nothing  in  this  regulation  contained  shall,  in  the  case 
of  any  person  who  was  appointed  to  the  office  of  Public  Analyst  with  our 
approval,  between  the  first  day  of  January,  one  thousand  eight  hundred 
and  ninety-one,  and  the  date  hereof,  or  of  any  person  who  is  so  appointed 
for  the  first  time  after  such  last-mentioned  date,  apply  upon  any  subsequent 
appointment  of  such  person  to  the  said  office." 

"  As  regards  the  reference  in  the  Order  to  a  person  or  body  of  persons 
whom  the  Board  may  from  time  to  time  recognise  as  competent  to  confer 
the  requisite  qualification,  or  to  test  the  skill  or  knowledge  of  which  proof 
is  required  by  the  Order,  the  Board  may  state  that  it  would  accord  with 
1    their  existing  practice  to  accept  as  sufficient  documentary  evidence  of  the 
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requisite  qualification  under  the  Acts  the  Diploma  of  Fellowship  or 
Associateship  of  the  Institute  of  Chemistry  of  Great  Britain  and  Ireland, 
together  with  the  Certificate  granted  by  the  Institute  after  an  examination, 
conducted  by  them  on  lines  approved  by  the  Board,  in  therapeutics, 
pharmacology,  and  microscopy." 

"The  possession  of  a  diploma  as  a  registered  medical  practitioner  is 
accepted  as  sufficient  proof  of  competency  in  microscopy  and  therapeutics, 
and  it  would  only  be  necessary  that  a  medical  practitioner  appointed  as  a 
public  analyst  should  furnish  evidence  of  competent  skill  in,  and  knowledge 
of,  analytical  chemistry." 

"  Evidence  of  skill  or  knowledge  on  the  part  of  a  candidate  in  respect  of 
any  of  the  qualifications  referred  to  as  requisite,  which  is  tendered  by  an 
individual,  must  be  from  a  person  recognised  as  entitled  to  speak  with 
authority  as  to  proficiency  in  the  particular  qualification  in  question." 

The  eleventh  section  distinctly  lays  down  the  principle  of  combination, 
enacting  that  the  town  council  of  any  borough  may  unite  with  that  of  any 
neighbouring  borough  in  appointing  an  analyst  jointly ;  or  the  analyst  for 
the  county  in  which  the  borough  is  situated  may  act  upon  arrangement  as 
analyst  for  their  borough.  Those  who  are  practically  acquainted  with  the 
subject  know  that  it  is  only  in  the  largest  and  most  populous  places  in 
England  that  any  kind  of  living  can  be  made  out  of  a  public  analytical 
appointment.  Hence  it  follows  that  an  analyst  for  a  small  place  must 
either  have  private  means  or  that  his  chief  occupation  must  be  of  a  more 
remunerative  nature ;  it  is,  therefore,  highly  desirable  that  the  analysis  of 
foods  and  drugs  should  be  in  a  few  hands  only,  and  that  an  analyst  should 
hold  many  appointments  of  the  same  nature.  In  this  way,  and  in  this 
way  only,  will  it  be  possible  to  have  properly-fitted  laboratories,  supplied 
with  all  the  expensive  appliances  of  modern  research,  and  in  this  way  only 
will  it  be  possible  to  improve  the  processes  of  analysis.  It  is  also  a  fact, 
from  the  very  few  cases  in  which  an  experienced  analyst  has  to  attend  as 
witness,  that  there  would  be  no  inconvenience,  were  all  the  northern 
counties  to  have  their  samples  analysed  at  Sheffield,  Manchester,  or  York ; 
the  western  and  south-western  counties  at  Bristol ;  and  the  rest  of  England 
at  the  London  laboratories.  Probably  also  the  whole  of  the  Scotch  samples 
could  be  dealt  with  in  Glasgow  and  Edinburgh,  and  the  Irish,  in  like 
manner,  in  two  of  the  chief  cities. 

§  44.  Section  12  of  the  principal  Act  provides  for  the  purchase  of 
samples  by  any  purchaser  for  analysis  by  the  public  analyst  for  the  district 
in  which  the  purchase  is  made,  on  payment  to  such  analyst  of  a  sum  not 
exceeding  ten  shillings  and  sixpence ;  or  if  there  is  no  analyst  appointed 
for  the  district,  to  the  analyst  of  another  place.  In  this  latter  case  the  fee 
appears  to  be  a  matter  of  private  arrangement,  for  the  words  of  the  Act 
are — "such  sum  as  may  be  agreed  upon  between  such  person  and  the 
analyst."  In  either  case,  the  analyst  must  give  a  certificate  of  his  results 
to  the  purchaser.  Whether  the  purchaser  is  bound  to  purchase  the  article 
in  the  manner  directed  in  section  14  is  still  an  undecided  point. 

It  is  evident  that,  for  legal  purposes,  the  official  analyst  must  be 
employed,  and  that  under  the  Act  no  prosecution  can  be  undertaken 
except  on  his  certificate.  Thus,  at  the  Manchester  Police  Court,  the 
Milk-Dealer8,  Protection  Society  attempted  to  prosecute  on  the  certificate 
of  a  private  analyst,  but  on  this  technical  ground  alone  the  magistrate 
dismissed  the  case.1 

1  Analyst,  1879,  vol.  iv.  p.  74. 
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means  three  equal  parts;  but  there  is  no  direction  in  the  Act  as  to  an 
equal  division.  At  the  same  time,  should  the  purchaser  leave  with  the 
seller,  or  keep  himself  an  insufficient  quantity  for  any  further  analysis, 
there  would  be  an  infringement  of  the  spirit  of  the  Act ;  for  the  purpose 
of  the  division  evidently  is  to  provide  against  any  mistake  or  wrong 
interpretation  of  facts  on  the  part  of  the  analyst.  Should  another  analysis 
be  required,  it  would  not  be  right  that  the  seller  should  be  put  at  a 
disadvantage  by  any  marked  or  great  inequality  in  the  division  of  the 
parts;  hence  it  will  be  prudent  for  purchasers  to  divide  the  substance 
into  three  parts  as  nearly  equal  as  may  be,  but  it  is  unnecessary  to  use 
for  this  purpose  balances  or  measures. 

On  the  seller  or  his  agent  not  accepting  the  offer  of  the  purchaser  to 
divide  the  sample  into  three  parts,  it  becomes  the  duty  of  the  analyst  to 
divide  it  into  two  parts.  There  is  no  direct  stipulation  as  to  when  this 
is  to  be  done,  for  the  analyst  is  permitted  to  keep,  if  he  chooses,  the  whole, 
until  the  termination  of  the  analysis ;  but  it  is  evidently  the  course  most 
free  from  objection  to  divide  it  into  two  approximately  equal  parts 
immediately  on  receipt  of  the  sample,  to  seal  it  in  the  presence  of  the 
purchaser,  and  deliver  one  of  the  parts  to  the  purchaser. 

§  47.  Section  16 1  permits  articles  to  be  sent  by  post  after  being  duly 
registered,  and  the  Postmaster-General  has  made  the  following  regulations 
with  regard  to  the  transmission  of  samples: — "Each  packet  must  be 
addressed  according  to  the  official  designation  of  the  analyst,  as  c  public 
analyst,'  or  otherwise ;  the  nature  of  its  contents  must  be  stated  on  the 
front  of  the  packet.  Any  postmaster,  at  whose  office  a  packet  for  a  public 
analyst  shall  be  tendered  for  registration,  may  refuse  to  accept  it  for  this 
purpose,  unless  it  be  packed  in  so  secure  a  manner  as  to  render  it  at  least 
unlikely  that  its  contents  will  escape,  and  injure  the  correspondence. 
Liquids  for  analysis  shall  be  contained  in  stout  bottles  or  bladders,  which 
shall  be  enclosed  in  strong  wooden  boxes  with  rounded  edges — the  boxes 
being  covered  by  stout  wrappers  of  paper  or  cloth,  and  no  such  packet 
shall  exceed  eight  inches  in  length,  four  in  width,  or  three  inches  in  depth. 
No  packet  whatever  addressed  to  a  public  analyst  shall  exceed  the 
dimensions  of  eighteen  inches  in  length,  nine  inches  in  width,  or  six 
inches  in  depth.  The  postage  and  registratiou-fee  on  each  j>acket  must 
be  prepaid." 

§  48.  Section  18  states  that  the  certificate  shall  be  in  the  form  set  forth 
in  the  schedule,  or  to  the  like  effect.  These  last  few  words  are  important, 
for  the  analyst  thereby  is  not  absolutely  confined  to  the  certificate  in  the 
schedule.  Notwithstanding  this,  it  is  safer  to  adhere  strictly  to  the  exact 
form  of  certificate,  and  not  to  attempt  to  modify  it  in  any  way.  It  has 
been  laid  down  by  Fortune  v.  Hemson,  60  J. P.  88,  that  the  grounds  upon 
which  the  analyst  bases  his  opinion  must  be  given ;  it  is  not  sufficient  to 
say,  e.g.,  that  a  sample  of  milk  is  diluted  by  the  addition  of  20  per  cent,  of 
water ;  the  reason  why  the  analyst  thinks  that  the  20  per  cent,  has  been 
added  must  be  stated.  In  certain  foods — one  of  which  is  milk — the  public 
analysts  of  this  country  have  agreed  upon  forms  of  expression,  the 
certificate  for  milk  being  as  follows : — "I  am  of  opinion  that  the  said 
sample  contains  the  parts  as  under : — 

Milk,  

Added  water,   


100-00 

1  See  also  sect.  15  of  the  Act  of  1899,  which  verbally  amends  this  section. 
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This  opinion  is  based  upon  the  facts  that  the  sample  contained  only... per 
cent,  of  non-fatty  solids,  whereas  normal  milk  contains  at  least  8*5  per 
cent,  of  non-fatty  solids."  Several  prosecutions  have  resulted  in  convictions 
on  the  above  form  of  certificate,  and  since  it  embodies  the  principle  of  the 
case,  it  is  likely  to  stand. 

In  the  case  of  any  article  liable  to  decomposition,  the  analyst  must 
certify  specially  as  to  whether  "  any  eliange  has  taken  place  in  the  constitution 
of  the  article  that  would  interfere  toith  the  analysis"  Milk  and  butter  are 
specifically  mentioned,  but  the  rule  would  evidently  apply  to  all  foods 
preserved  in  tins,  provided  the  tin  has  been  opened.  It  might  also  be 
argued  that  many  other  substances  (such  as  wine  or  beer)  are  liable  to 
decomposition;  hence  it  will  be  better  for  the  analyst  to  give  this 
matter  rather  a  wide  interpretation,  and  insert  in  his  certificate  the 
necessary  words,  if  called  upon  to  certify  in  reference  to  any  substance 
that,  under  any  conditions,  is  liable  to  decompose.  The  exact  words  must 
be  used,  for  in  an  appeal  heard  at  the  Middlesex  Sessions,  October  1880, 
Peart  v.  Edwards,1  the  analyst  certified  that  the  milk  was  fresh  when 
delivered  to  him,  but  omitted  to  specify  whether  "  any  change  had  taken 
place  in  the  constitution  of  the  article,  so  as  to  interfere  with  the  analysis  " ; 
and  on  this  ground  the  assistant-judge  quashed  the  conviction. 

Section  19  provides  for  the  regular  quarterly  reports  of  the  analyst, 
copies  of  which  are  to  be  transmitted  to  the  Local  Government  Board.  If, 
as  in  many  cases,  no  work  at  all  has  been  done  under  the  Act,  it  is 
evidently  the  duty  of  the  analyst  to  send  a  '  nil 1  report. 

Section  20  provides  for  the  institution  of  proceedings.  The  Act  says — 
"  The  person  causing  analysis  may  take  proceedings."  He,  therefore,  need 
not  be  the  actual  purchaser ;  and  it  is  usual  for  an  inspector  to  take  the 
summons  out  on  behalf  of  the  public  body  for  which  he  acts. 

In  all  prosecutions  under  the  Act,  and  notwithstanding  the  section  just 
quoted,  the  summons  must  be  served  within  a  reasonable  time,  and  in  the 
case  of  a  perishable  article — e.g.,  milk — not  exceeding  twenty-eight  days  from 
the  time  of  the  purchase,  etc.  The  summons  must  state  the  particulars  of 
the  offence  or  offences,  and  also  the  name  of  the  prosecutor ;  and  it  must 
not  be  made  returnable  in  less  than  seven  days  from  the  day  it  is  served 
upon  the  person  summoned. 

Section  21  of  the  principal  Act  provides  that  the  certificate  of  the 
analyst  shall  serve  as  evidence ;  therefore  unless  specially  required,  he 
need  not  attend.  Section  22  of  the  Act  of  1899  in  addition  makes  the 
certificate  of  a  public  analyst  in  like  manner  evidence.  In  the  first  case 
the  defendant  may,  however,  require  the  attendance  of  the  analyst,  in  the 
second  the  prosecutor  has  the  like  privilege. 

§  49.  Section  22  provides  for  a  part  of  the  sample,  or  samples,  to  be 
analysed  at  Somerset  House,  in  case  of  any  dispute  as  to  the  correctness 
of  the  analysis.  The  sample  must  be  sent  by  order  of  the  justices  (or 
a  stipendiary  magistrate),  and  would  not  be  received  if  sent  by  either 
party  direct.  The  results  of  the  official  analysis  should  be  considered 
as  the  written  opinion  of  a  referee  not  final  but  yet  entitled  to  great 
weight. 

Section  23  provides  for  an  appeal  to  Quarter  Sessions. 

Section  25  gives  the  opportunity  to  the  defendant  to  prove,  by  written 
warranty,  u  that  he  had  no  reason  to  believe  at  the  time  when  he  sold  it 
that  the  article  was  otherwise  than  of  the  nature,  quality,  etc.,  demanded ; 

1  44  J.  P.  699,  763. 
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that  he  sold  it  in  the  same  state  as  when  he  purchased  it"  On  proof  of 
this,  the  defendant  may  be  discharged  from  the  prosecution,  but  he  will 
have  to  pay  costs,  unless  he  has  given  notice  to  the  prosecutor  that  he  will 
adopt  this  line  of  defence. 

The  warranty  or  invoice  is  not  available  as  a  defence,  unless  the 
defendant  has  sent  to  the  purchaser  a  copy  of  such  warranty  or  invoice 
seven  days  after  service  of  the  summons,  stating  he  intends  to  rely  upon  it, 
with  the  name  and  address  of  the  warrantor,  to  whom  he  must  send  a 
similar  notice. — Sale  of  Food  and  Drugs  Act,  1899,  section  20,  where  the 
defendant  is  a  servant  of  the  person  who  has  purchased  under  warranty 
and  may  use  such  warranty  for  defence.—  Ib. 

In  the  case  of  Rook  i\  Hopley,1  it  was  decided  that  an  invoice  contain* 
ing  a  description  of  an  article  sold  to  a  retail  dealer  is  not  such  a  written 
warranty  as  is  required  by  section  25 ;  and  a  retail  dealer  who  sells  an 
adulterated  article  in  the  same  state  as  he  purchased  it  will  not,  by  virtue 
of  such  a  document,  be  entitled  to  be  discharged  on  being  summoned  before 
a  magistrate. 

Section  26  provides  for  the  payment  of  penalties  recovered  to  the 
authority,  for  the  purpose  of  defraying  the  expenses  of  the  Act. 

Section  27  has  stringent  clauses  relative  to  persons  convicted  of  forging 
warranties,  wilfully  applying  a  certificate  or  warranty  of  an  article  of  food 
or  drug,  to  any  other  article  of  food  or  drug,  the  giving  of  a  false  warranty, 
and  wilfully  giving  a  label  falsely  describing  the  article  sold.  See  also 
section  20  of  the  Act  of  1899. 

This  latter  clause  of  the  section — viz.,  "  Every  person  who  shall  wilfully 
give  a  label  with  any  articlo  sold  by  him,  which  shall  falsely  describe  the 
article  sold,  shall  be  guilty  of  an  offence  under  this  Act>"  etc. — would 
apply  to  a  jjreat  many  cases  of  adulteration  in  which  the  article  is  wrongly 
described  by  label ;  but  it  is  evident  that  guilty  knowledge  must  be  proved, 
for  the  word  'wilfully'  presupposes  guilty  knowledge.  In  most  cases, 
unless  the  actual  manufacturer  were  summoned,  ignorance  woidd  be 
pleaded. 

Section  28  provides  that  nothing  in  the  Act  shall  affect  the  power  of 
proceeding  by  indictment,  or  take  away  any  other  remedy  against  any 
offender  under  the  Act,  or  in  any  way  interfere  with  contracts  and  bargains- 
between  individuals,  and  the  rights  and  remedies  belonging  thereto, 
provided  that  in  any  action  brought  by  any  person  for  a  breach  of  contract 
on  the  sale  of  auy  article  of  food  or  any  drug,  such  person  may  recover 
alone,  or  in  addition  to  any  other  damages  recoverable  by  him,  the  amount 
of  any  penalty  in  which  ho  may  have  been  convicted  under  this  Act, 
together  with  the  costs  paid  by  him  upon  such  conviction,  and  those 
incurred  by  him  in  and  about  his  defence  thereto,  if  he  prove  that  the 
articlo  or  drug,  the  subject  of  such  conviction,  was  sold  to  him  as  and  for 
an  article  or  drug  of  the  same  nature,  substance,  and  quality  as  that  which 
was  demanded  of  him,  and  that  he  purchased  it  not  knowing  it  to  be 
otherwise,  and  afterwards  sold  it  in  the  samo  state  in  which  he  purchased 
it — the  defendant,  in  such  action,  being  nevertheless  at  liberty  to  prove 
that  the  conviction  was  wrongful,  or  that  the  amount  of  costs  awarded  or 
claimed  was  unreasonable. 

The  30th  section  of  the  Act  provides  for  the  examination  of  tea  on 
importation. 

The  effect  of  this  examination  has  been  so  good  that  adulterated  tca„ 
1  L.  R.  34  I).  209  ;  42  J.  P.  551. 
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in  comparison  with  the  period  before  the  Act,  has  decreased  in  a  very 
marked  degree. 

§  50.  Milk,  Margarine,  Margarine  Cheese  and  Butter. — The  margarine 
Aot  of  1887,  and  the  Sale  of  Food  and  Drugs  Act  of  1899,  are  specially 
directed  against  frauds  with  regard  to  the  above  articles,  besides  which  the 
Act  of  1899  creates  a  new  Authority  superintending  the  Sale  of  Food  and 
Drugs  Acts — viz.,  the  Board  of  Agriculture. 

The  latter  Board  is  empowered  (Sale  of  Food  and  Drugs  Act,  1899, 
sect.  4)  to  make  regulations ;  in  other  words,  to  fix  standards  or  limits,  witli 
regard  to  milk,  cream,  butter  or  cheese,  and  under  this  section  the  Board 
has  made  the  following  regulations : — 


Sale  of  Milk  Regulations,  1901. 

The  Board  of  Agriculture,  in  exercise  of  the  powers  conferred  on  them 
by  section  4  of  the  Sale  of  Food  and  Drugs  Act,  have  made  the  following 
Regulations: — 

Milk. 

1.  Where  a  sample  of  milk  (not  being  milk  sold  as  skimmed,  or 
separated,  or  condensed,  milk)  contains  less  than  3  per  cent,  of  milk-fat,  it 
shall  be  presumed  for  the  purposes  of  the  Sale  of  Food  and  Drugs  Acts, 
1875  to  1899,  until  the  contrary  is  proved,  that  the  milk  is  not  genuine, 
by  reason  of  the  abstraction  therefrom  of  milk-fat,  or  the  addition  thereto 
of  water. 

2.  Where  a  sample  of  milk  (not  being  milk  sold  as  skimmed,  or 
separated,  or  condensed,  milk)  contains  less  than  8*5  per  cent,  of  milk- 
solids  other  than  milk-fat,  it  shall  be  presumed  for  the  purposes  of  the 
Sale  of  Food  and  Drugs  Acts,  1875  to  1899,  until  the  contrary  is  proved, 
that  the  milk  is  not  genuine,  by  reason  of  the  abstraction  therefrom  of 
milk-solids  other  than  milk- fat,  or  the  addition  thereto  of  water. 

Skimmed  or  Separated  Milk. 

3.  Where  a  sample  of  skimmed  or  separated  milk  (not  being  condensed 
milk)  contains  less  than  9  per  cent,  of  ru ilk-solids,  it  shall  be  presumed  for 
the  purposes  of  the  Sale  of  Food  and  Drugs  Acts,  1875  to  1899,  until  the 
contrary  is  proved,  that  the  milk  is  not  genuine,  by  reason  of  the  abstrac- 
tion therefrom  of  milk-solids  other  than  milk-fat,  or  the  addition  thereto 
of  water. 

Extent 

4.  These  Regulations  shall  extend  to  Great  Britain. 

Commencement. 

5.  These  Regulations  shall  come  into  operation  on  the  First  day  of 
September,  One  thousand  nine  hundred  and  one. 

Short  Title. 

6.  These  Regulations  may  be  cited  as  the  Sale  of  Milk  Regulations, 
1901. 
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Sale  of  Butter  Regulations,  1902. 

The  Board  of  Agriculture,  in  exercise  of  the  powers  conferred  on  them 
by  section  4  of  the  Sale  of  Food  and  Drugs  Act,  1899,  do  hereby  make  the 
following  Regulations : — 

1.  Where  the  proportion  of  water  in  a  sample  of  butter  exceeds  16  per 
cent,  it  shall  be  presumed  for  the  purposes  of  the  Sale  of  Food  and  Drugs 
Acts,  1875  to  1899,  until  the  contrary  is  proved,  that  the  butter  is  not 
genuine  by  reason  of  the  excessive  amount  of  water  therein. 

2.  These  Regulations  extend  to  Great  Britain. 

3.  These  Regulations  shall  come  into  operation  on  the  fifteenth  day  of 
May,  One  thousand  nine  hundred  and  two. 

4.  These  Regulations  may  be  cited  as  the  Sale  of  Butter  Regulations, 
1902. 

A  standard  has  also  been  made  by  the  same  statute  with  regard  to 
margarine  (section  8),  making  it  unlawful  "to  manufacture,  sell,  expose  for 
sale,  or  import  any  margarine  the  fat  of  which  contains  more  than  10  per 
cent,  of  butter  fat." 

Margarine  is  defined  by  the  Margarine  Act  (section  3)  to  mean  all 
substances,  whether  compounds  or  otherwise,  made  in  imitation  of  butter, 
whether  mixed  with  butter  or  not.  It  is  unlawful  to  sell  such  a  substance 
otherwise  than  under  the  name  of  margarine.  Margarine  cheese  is  defined 
by  the  1899  Act  to  mean  any  *'  substance  whether  compound  or  otherwise, 
which  is  prepared  in  imitation  of  cheese,  and  which  contains  fat  not 
derived  from  milk." 

The  Act  of  1899  introduces  into  the  statute  some  new  terms — such,  for 
example,  as  '  separated  milk '  as  distinguished  from  '  skimmed  milk there 
is  also  a  distinction  drawn  between  an  adulterated  and  an  *  impoverished  ' 
article.  Both  the  Local  Government  and  the  Board  of  Agriculture  are 
empowered  to  take  samples  and  to  have  thorn  analysed  at  the  cost  of  the 
Local  Authority,  the  Local  Government  Board  in  relation  to  matters 
affecting  the  general  interest  of  the  consumer,  the  Board  of  Agriculture  to 
matters  affecting  the  general  interests  of  Agriculture  (section  2).  Both 
Boards  may  also,  under  similar  conditions,  empower  an  officer  to  purchase 
samples  and  submit  them  for  analysis  in  cases  in  which  the  local  authority 
fails  to  do  its  duty  in  enforcing  the  Sale  of  Food  and  Drugs  Acts  (sections 
2  and  3). 

For  various  other  important  details  as  to  the  registration  of  margarine- 
sellers,  wholesale  or  retail,  as  to  labelling  packages  or  tins,  as  to  warranty, 
as  to  protection  from  importation  of  certain  adulterated  or  impoverished 
articles,  the  reader  is  referred  to  the  Acts  themselves,  published  in  the 
Appendix  to  this  work. 
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A  DESCRIPTION  OF  A  FEW  SPECIAL  FORMS  OF 
APPARATUS  USEFUL  IN  FOOD- ANALYSIS 

§51.  As  stated  in  the  first  edition  of  this  work,  it  is  no  part  of  the 
author's  plan  to  describe  the  elementary  apparatus  to  bo  found  in  every 
text-book,  and  to  be  seen  in  every  laboratory.  Notwithstanding,  it  will  be 
convenient  here  to  give  a  brief  notice  of  some  special  forms  of  apparatus 
useful  in  food-analysis. 

Apparatus  for  the  Treatment  of  Substances  by 
Various  Solvents. 

It  is  a  matter  of  some  moment  to  economise  alcoholic  and  ethereal  sol- 
vents, and  it  is  always  advantageous  to  keep  a  laboratory  as  free  as  possible 
from  vapours  and  odours.  Where  a  solid  has  to  be  exhausted  by  ether  or 
petroleum,  one  can  scarcely  imagine  anything  more  convenient  than  the 
apparatus  invented  by  Soxhlet,  and  proposed  by  him  for  the  purpose  of 
treating  milk  solids  with  ether,  but  in  point  of  fact  widely  applicable.  It 
consists  of  a  glass  tube  (fig.  1),  the  size  of  which  is  perfectly  under  control, 
and  may  be  made  very  large  or  very  small,  according  to  individual  require- 
ments. For  the  purpose  of  milk  analysis  a  capacity  of  100  c.c.  is  ample. 
The  tube  is  quite  closed  at  the  bottom,  A ;  the  volatile  vapours  ascend 
through  the  tube  D,  and  are  condensed  in  an  upright  condenser  attached 
to  A ;  the  liquid,  therefore,  falls  drop  by  drop  on  to  the  substance  at  A. 
When  the  condensed  liquid  reaches  X,  the  syphon  B  B  acts,  and  the  whole 
of  the  liquid  runs  into  the  flask.  The  apparatus  works  quite  automatically, 
and  scarcely  any  ether  is  lost,  however  long  the  operation  may  last. 

Clausnizer  has  modified  this  apparatus  for  small  quantities  of  substances 
(fig.  2).  D  is  a  tube  drawn  out  pipette-like.  J  is  an  inner  tube  made  so 
as  to  slip  easily  into  the  outer  one,  and  pulled  out  in  the  blowpipe  flame 
into  a  long,  almost  capillary  stem,  which  is  then  bent  up  into  a  syphon, 
and  terminates  in  the  flask,  being  made  a  little  longer  than  the  drawn-out 
portion  of  D.  The  mode  of  action  is  precisely  similar  to  that  just  described. 
The  volatile  vapour  escapes  between  the  two  tubes,  until  it  reaches  the  up- 
right condenser ;  it  is  then  condensed,  and  falls  in  drops  on  the  substance 
in  the  inner  tube ;  and  when  the  bend  of  the  syphon  is  reached,  the  little 
tube  is  at  once  emptied  of  the  saturated  solvent,  and  the  process  com- 
mences again. 

Another  method  is  as  follows  (see  fig.  3): — Take  a  flask  with  a  wide 
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When  it  is  necessary  to  treat  substances  in  open  dishes  with  volatile 
solvents,  the  authors  use  the  following  apparatus  (see  fig.  5),  which,  since 
the  first  description  of  it  in  the  Chemical  Society's  Journal,1  is  to  be  found 
in  most  laboratories. 

The  principle  of  the  arrangement  is  simply  this,  that  it  converts  an 
ordinary  dish  into  a  closed  vessel,  so  that  ether  and  volatile  liquids  may  be 
boiled  without  loss ;  or,  on  the  other  hand,  a  volatile 
liquid  may  be  distilled  and  recovered  with  as  much 
ease  as  in  operating  with  a  retort. 

The  essential  part  of  the  apparatus  consists  of  a 
■  cast-iron  l>ody,  R,  externally  drum-shaped,  and  having 
a  deep  groove,  A,  in  which  a  little  mercury  or  other 
'Healing  liquid'  is  placed.  Into  this  groove  fits  a 
bell- jar,  B,  and  the  part  marked  D  is  hollowed  out 
for  the  reception  of  a  dish.  The  size  of  the  dish  is 
quite  indifferent ;  any  dish  will  do,  so  long  as  it  is 
not  too  large  for  the  bell-jar  to  cover.  The  neck  of 
the  bell-jar  is  attached  to  a  Liebig's  condenser.  Should  a  substance 
require  exhaustion  with  the  solvent,  the  Liebig  is  placed  in  an  upright 
position ;  should  an  evaporation  or  distillation  be  required,  the  condenser 
is  placed  in  the  usual  slanting  position,  and  in  this  way  all  the  liquid 
evaporated  is  saved.  As  a  matter  of  convenience  it  is  well  to  have  a  pair 
of  these  apparatuses  in  a  laboratory,  one  with  an  upright,  the  other  with  a 
slant  condenser. 

§  52.  Tim  fyriraf  Balance. — A  spiral  balance,  proposed  and  used  some 
years  ago  by  Prof.  Jolly,  has  been  figured  and  described  in  a  former  edition 
of  this  work. 

§  53.  Vacuum  Process*'*. — There  are  a  variety  of  analytical  operations, 
especially  those  employed  in  toxicologic^  and  food  chemistry,  which  for 
their  proper  performance  require  an  efficient  vacuum. 

There  are  throe  chief  varieties  of  mercury  pumps  in  use,  viz.,  the 
Geissler,  the  Sprengel,  and  the  Toepler ;  the  disadvantage  of  the  Geissler 
is  the  numerous  stopcocks,  of  the  Sprengel,  that  it  is  not  very  suitable  for 
evacuating  large  vessels,  and  of  the  Toepler  the  fragility  of  the  numerous 
branches.  The  mercury  pump  the  authors  use  is  free  from  most  of  the 
above  objections,  and  is  known  as  the  '  Physiological  Mercury  Pump ' ;  it 
is  to  be  found  in  the  stock  of  most  dealers  in  physical  and  chemical 
apparatus.  The  diagram  is  sufficiently  explanatory ;  the  reservoir  is  filled 
with  mercury,  and  on  being  raised  expels  the  air  by  flowing  into  the  bulb 
B  and  then  Hows  over  through  the  small  bored  tube  T,  into  a  small  vessel 
charged  with  mercury.  When  the  reservoir  is  in  the  position  shown  in  the 
diagram,  the  mercury  is  prevented  flowing  backwards  and  upwards  into 
the  drying  tubes  by  a  glass  float  valve.  By  first  partially  exhausting  a 
large  vessel  such  as  a  Winchester  quart  by  means  of  a  good  water  pump 
or  a  good  air  pump,  the  opemtion  may  be  finished  by  the  pump  just 
described  within  half-an-hour,  and  smaller  pieces  of  apparatus  in  propor- 
tionately less  time. 

1  A  new  and  simple  Apparatus  for  the  treatment  of  substances  in  open  dishes  by 
volatile  solvents.    By  A.  Wynter  Blyth,  Journ.  Clicm.  Sue.,  March  1880. 
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The  Microscope,  the  Spectroscope,  and  the  Art  of  Photog- 
raphy as  Applied  to  the  Chemistry  op  Food. 

§  54.  There  are  so  many  special  works  describing  the  microscope,  that 
it  will  be  quite  unnecessary  to  burden  the  pages  of  this  book  with  informa- 
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tion  so  readily  accessible.    The  chemist,  as  a  rule,  will  fmd  VAxiwsv&ttt 
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most  suitable  for  his  purpose,  for  it  is  only  with  a  binocular  that  it  is 
possible  to  have  a  really  good  view  of  crystals.  Besides,  the  instrument  is 
so  readily  converted  into  a  monocular,  that  it  possesses  the  advantages  of 
the  latter  combined  with  its  own.  For  certain  branches  of  research,  and 
more  especially  for  observing  reactions  under  the  microscope,  the  inverted 
microscope  of  Dr.  L.  Smith,  of  Merton  College  (or  those  of  similar  pattern), 
by  which  the  object  glass  is  placed  below  the  substance  to  be  examined, 
has  this  advantage,  that  it  is  possible  without  injury  to  the  instrument, 
and  without  being  annoyed  by  acid  fumes,  to  treat  substances  under 
observation  with  strong  acids,  even  at  a  boiling  temperature. 

The  analytical  student  will  require  to  familiarise  himself  with  the  use 
of  the  micrometer  and  the  polariscope.  The  most  suitable  micrometer  for 
the  measurement  of  starches  and  similar  substances  is  what  is  called  an 
eyepiece  micrometer.  A  glass,  ruled,  either  in  squares,  or  as  a  simple  scale, 
is  placed  between  the  eye  and  field  piece,  so  that  both  the  object  magnified 
and  the  scale  are  seen  clearly  at  one  and  the  same  time.  In  order  to  find 
the  value  of  the  divisions  of  the  eye  micrometer,  it  is  necessary,  in  the  first 
place,  to  determine  them  by  noting  how  many  divisions  correspond  with 
one  or  more  of  a  slip  of  ruled  glass  placed  on  the  stage,  and  containing 
divisions  equalling  the  hundredths  of  an  inch,  or  any  other  convenient 
measurement.  Suppose,  for  example,  that  it  is  found  that  one-hundreth 
of  an  inch  on  the  stage  when  measured  by  the  eyepiece  required  18  of  the 
eyepiece  divisions,  then  it  is  obvious  that  each  one  of  the  divisions  is  ^  of 
tot  or  Ttnnr  °^  an  mcn  >  therefore,  any  object  that  measured,  say  four 
divisions,  would  be  4  x  T*Vo~  —  tsW>  or  would  measure  the  one  four  hundred 
and  fiftieth  of  an  inch.  There  is  another  method  of  measurement  which 
is  extremely  accurate  and  applicable  to  all  cases ;  this  is,  to  take  a  micro- 
photograph  of  the  subject,  and  to  photograph  a  glass  with  suitable  ruled 
divisions,  with  the  same  arrangements  and  with  the  same  powers ;  after- 
wards a  measurement  with  ordinary  compasses  can,  with  great  ease  and 
convenience,  be  made. 

Chemical  reactions,  under  the  microscope,  are  either  observed  in  shallow 
cells  ground  in  the  glass  slide  itself,  or  simply  on  the  ordinary  flat  slide, 
or,  as  is  sometimes  convenient,  in  almost  capillary  tubes  with  flattened 
sides,  the  microscope  being  in  a  horizontal  position.  Reactions,  as  a  rule, 
should  be  observed  with  only  a  moderate  magnifying  power.  It  is  quite 
possible  to  execute,  on  a  very  small  amount  of  material,  a  complete  qualita- 
tive analysis  on  the  stage  of  the  microscope,  mixing  with  drops  of  the 
solution  under  observation  droplets  of  the  ordinary  test  solutions,  such  as 
sulphuretted  hydrogen  water,  ammonium  sulphide,  ammonia,  oxalic  acid, 
sodic  phosphate,  etc.1  Dr.  Heale  has  recommended  glycerine  to  be  used 
instead  of  water  for  these  reactions,  and  he  states  that  although  the  re- 
actions are  slower,  yet  that  they  arc  more  perfect.2  The  method  of 
subliming  alkaloids,  and  its  important  bearing  in  the  determination  of  the 
nature  of  substances  in  tea  or  coffee,  is  described  in  the  article  on  '  Tea,' 
together  with  the  microscopic  appearance  of  the  ash  of  various  leaves,  and 
the  method  of  obtaining  ( skeleton  ashes.' 

In  cutting  sections  of  seeds,  leaves,  etc.,  no  difficulty  is  experienced  when 
thev  are  in  the  entire  state,  nor  are  any  special  instruments  required  save 
razor,  for  with  a  little  practice  sections  quite  as  fine  as  those  it  is 
to  cut  by  a  section-cutting  machine  can  be  made  with  a  razor. 

y  See  Bciirage  %,  mikrocJvemischen  Analyse,  by  H.  Behreiw,  1902. 
How  to  Work  with  the  Microscope.    London,  1880. 
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It  is,  however,  quite  different  with  such  matters  as  tea  leaves  which  have 
been  dried  and  crumpled,  or  seeds  in  the  state  of  powder.  Here  consider- 
able difficulty  may  be  experienced,  and  it  is  often  not  possible  to  get  a 
section  at  all  satisfactory  of  any  given  dark  microscopic  particle.  The 
authore  have  had  tolerably  fair  results  by  sprinkling  opaque  powders  on  a 
piece  of  smooth  wood,  and  embedding  the  powders  in  a  tenacious  glue.1 
When  the  cement  has  set,  there  is  no  difficulty  in  getting  sections. 
Similarly,  the  known  processes  for  embedding  soft  substances  answer  well 
with  tea.  A  simple  method  is  also  to  gum  the  leaf,  or  fragment  of  leaf, 
on  to  a  solid  substance,  and  then  horizontal  sections  can  be  obtained. 
Sometimes  scraping  a  leaf  in  the  same  manner  as  when  a  blot  is  being 
erased  from  paper,  brings  away  very  beautiful  pieces  of  the  epidermis  and 
stomata.  Sections  of  leaves  are  easily  obtained  by  placing  the  leaf  between 
two  pieces  of  cork,  pressing  them  well  together,  and  then  cutting  the  finest 
possible  layers  with  a  sharp  razor.  In  all  these  cases  the  razor  should  be 
wet  with  some  fluid,  either  water  or  (which  is  for  the  most  part  better) 


glycerine,  a  little  diluted.  The  section  floats  on  the  water,  and  may  be 
transferred  to  a  dish  of  dilute  glycerine.  It  is  well  to  cut  a  great  number 
of  sections  in  this  way,  and  select  the  most  transparent  from  the  dish  for 
microscopic  examination.  The  authors'  method  of  observing  and  preparing 
leaves  is  described  in  the  article  on  'Tea.' 

§  55.  Afirro-Spectroitrope.  —  The  micro-spectroscope  has  become  a 
leading  instrument  in  food-analysis,  more  especially  since  the  introduction 
of  so  many  artificial  colouring  materials.  Fig.  7  shows  the  various  parts 
of  the  •  Sorby-Browning '  micro-spectroscope.    An  eyepiece  fits  into  the 

1  Sealing-wax  does  admirably  :  the  ]>articles  of  powder  are  placed  on  a  tbin  layer  of 
sealing-wax,  and  the  wax  softened  by  beat ;  on  cooling,  the  particles  are  held  with 
sufficient  firmness  to  allow  of  sections. 
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microscope  tube,  having  the  upper  lens  made  achromatic ;  at  the  focal 
point  of  this  lens  is  fixed  a  narrow  slit.  A  rectangular  prism  is  fixed 
so  as  to  extend  over  about  one-half  of  the  slit,  and  reflect  the  light 
coming  through  an  aperture.  In  the  stage  attached  to  the  side  of  the 
eyepiece,  the  other  half  of  the  slit  transmits  the  lights  passing  up  the 
main  body  of  the  microscope  through  the  ordinary  object  glass. 

When  all  is  properly  arranged  and  illuminated,  in  looking  through  the 
lens  a  narrow  line  of  light  is  seen,  one-half  the  length  of  which  has  passed 
through  an  object  placed  on  the  stage  of  the  microscope,  and  the  other 
half  through  any  other  placed  on  the  side  stage  attached  to  the  eyepiece 
of  the  prism;  and  if  the  prism  has  been  properly  adjusted,  these  two 
portions  should  appear  perfectly  continuous,  without  any  break  at  their 
junction ;  but  if  not  properly  adjusted,  the  line  appears  broken,  and  would 
then  give  false  results  if  the  spectra  were  compared  together.  The 
analysing  prism  is  compound,  and  fits  over  the  eyepiece  like  a  long  cap. 
It  consists  of  two  rectangular  prisms  of  crown  glass,  and  two  others  with 
angles  of  75°,  a  combination  which  gives  direct  vision. 

B  is  a  milled  head  adjusting  the  focus  of  the  eye  lens  (fig.  7) ;  C  is  a 
milled  head  for  adjusting  the  slit  vertically ;  H  for  adjusting  the  breadth 
of  the  slit ;  D,  D  are  springs  for  holding  a  small  tube ;  E  is  for  the  purpose 
of  regulating  the  slit  of  the  second  spectrum ;  F  is  the  position  of  the  field 
lens  of  the  eyepiece ;  G  is  a  tube  which  fits  on  the  microscope.  The 
prisms  give  that  amount  of  dispersion  which  is  admirably  fitted  for  the 
purposes  to  which  this  instrument  is  applied,  and  is  in  itself  sufficient  to 
divide  the  absorption-bands  seen  in  coloured  solids  and  liquids,  while  it  is 
not  so  great  as  to  spread  them  over  too  wide  a  space,  and  make  them 
obscure,  as  is  the  case  when  the  dispersion  is  great.  Since  the  light 
which  passes  through  the  opening  does  not  extend  over  the  same  surface 
as  that  which  passes  through  the  object  glass,  it  would  be  far  too  bright 
unless  modified  by  means  of  a  small  shutter,  opening  and  closing  with  a 
screw.  In  each  case  this  can  easily  be  adjusted  so  that  the  light  from 
the  two  sources  is  equal,  or  may  be  made  to  vary  for  some  special 
purpose;  there  is  also  a  contrivance,  so  that  when  very  small  objects 
are  examined  no  light  shall  pass  except  that  which  has  come  through 
them.  (Sorlnj.) 

Improvements  have  been  made  by  Mr.  £orby  and  Mr.  Browning,  by 
which  every  line  or  band  in  the  spectrum,  when  being  measured,  is  brought 
into  the  centre  of  the  field  of  view ;  the  jaws  of  the  slit  open  equally,  so 
that,  whatever  their  width  may  be,  the  zero  remains  unchanged.  The 
micrometer  is  self-registering,  and  the  whole  turns  of  the  micrometer 
screw,  as  well  as  fractional  parts,  can  be  read  off  at  the  same  time  by 
inspection.  The  instrument  may  also  be  used  for  opaque  as  well  as  trans- 
parent objects,  and  two  spectra  can  be  compared  at  the  same  time  with 
one  lamp.  Moreover,  the  spectrum  of  the  smallest  object,  or  a  particular 
part  of  any  object,  may  be  obtained  without  difficulty.  Mr.  Sorby's 
method  of  measurement  is  of  the  most  accurate  description.  He  uses  an 
apparatus  giving  an  interference  spectrum,  divided  by  black  bands,  all  of 
equal  optical  value.  The  apparatus  is  composed  of  two  .NicoPs  prisms, 
with  an  intervening  plate  of  quartz,  about  043  inch  thick,  cut  parallel  to 
the  principal  axis  of  the  crystal,  the  thickness  being  so  adjusted  with  the 
sodium  line  that  the  sodium  line  is  exactly  at  3*5,  counting  the  bands  from 
the  red  end  towards  the  blue.  He  makes  use  of  the  following  symbols  to 
express  the  intensity  of  absorption  : — 
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Not  at  all  shaded,  Blank  space. 

Very  slightly  shaded,  ....  Dots  wide  apart. 

Decidedly  shaded,  ....  Dota  closer. 

More  shaded,  ....  Dots  very  close. 
Strongly  shaded,  but  so  that  a 

trace  of  colour  is  seen,  -  -  -  Three  hyphens  close. 

Still  darker,  —  Single  dash. 

Nearly  black,   Double  dash. 

Definite  narrow  absorption-bands  are  indicated  by  *  printed  over  their 
centre.  It  is  assumed  that  there  is  a  gradual  shading  oft*  from  one  tint 
to  the  other,  unless  the  contrary  is  expressed,  which  is  done  by  means  of 
a  small  vertical  line,  as  in  the  following  example : — 

Normal  chlorophyll  in  alcohol  (deep  green), 

jJ.23  ...  :>j  ....  4J  6}  .  --7J  

Nothing  could  be  more  accurate  than  Mr.  Sorby's  method  of  measure- 
ment, and  for  the  actual  worker  his  system  of  notation  will  also  be  found 
most  convenient.  For  the  purpose,  however,  of  graphical  illustration, 
'  Vogel's 9 1  method  is  preferable,  and  it  has  been  used  in  this  work  to 
delineate  various  coloured  spectra.  The  system  may  be  at  once  under- 
stood by  reference  to  the  diagram  (fig.  16).  The  amount  of  absorption  is 
shown  by  curves.  Where  the  curve  is  highest,  there  the  band  is  blackest ; 
where  it  is  lowest  or  absent,  the  least  alworption  is  present.  There  is  no 
doubt  that  the  most  permanently  useful  way  to  express  spectra,  whether 
absorption  or  spark,  would  bo  by  wave  lengths.  Then,  however  the 
scales  of  different  spectroscopes  might  differ  (and  scarcely  two  will  give  the 
same  values),  still  the  results  would  be  the  same  for  all  spectroscopes. 
The  following  values  of  wave  lengths  arc  sufficient  for  absorption 
spectra : — 


MILLIONTHS. 


A.  760*4 

B.  6867 

C.  656  2 
I).  589-2 
K.  526  9 
V  518-3 


b4.  5767 

F.  486*1 

O.  4307 

h.  410-1 

H.  396-8 

K.  393-3 


By  constructing  a  diagram  similar  to  the  following  one,  only  many 
times  larger,  having  the  values  of  the  scale  marked  at  the  top,  and  inter- 
sected by  the  lines  giving  wave  lengths,  and  then  determining  the  exact 
position  of  Frauuhofcr's  lines  on  the  scale,  and  marking  them  by  crosses  on 
the  chart  as  in  the  diagram,  and  lastly,  joining  the  points  in  a  uniform 
curve,  it  is  possible  to  get  very  simply  the  wave  lengths  of  every  portion 
of  the  scale.  The  more  uniform  the  curve,  the  greater  the  number  of 
lines  determined ;  and  the  larger  tlie  chart,  the  more  accurate  are  the 
values.  Supposing  the  centre  of  an  ahsorption-band  to  be  at  10  on  the 
scale:  on  referring  to  the  diagram  the  curve  at  10  is  exactly  cut  by  the 
horizontal  line  6G0,  therefore  the  wave  length  would  be  6Gl>,  and  so  on. 
It  will  be  necessary  to  measure  in  all  cases  the  middle  of  the  absorption- 
band,  or  the  middle  of  the  spark  line. 

A  useful  spectroscope  for  the  examination  of  colouring-matters  is  the 
'hema-spectroscope  comparateur '  of  Maurice  de  Thierry. 

It  is  a  direct  vision  spectroscope  (see  fig.  9)  furnished  with  a  prism  at 

1  Hermann  Vogel,  11  PraldMic  Sjvctral  Analyse."   Nordlingen,  1877. 
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Quantitative  Estimation  of  Colouring  Matters. 


§  56a.  (1)  Tlue  Polarising  Colorimeter. — The  simplest  method  is  to 
imitate  the  solution  of  colouring  matter,  the  strength  of  which  is  unknown, 
by  diluting  a  stronger  solution  of  known  strength  and  placing  the  two 
solutions  in  two  glass  cylinders  of  equal  bore ;  accurately  match  the  colours 
by  pouring  some  of  the  solution  of  the  stronger  shade  out  until  the  colours 
are  equal,  then  the  colouring  matter  is  proportional  to  the  depth  or  height 
of  the  liquids.  The  results  with  practice  are  in  many  cases  fairly  correct. 
A  beautiful  and  more  accurate  method  of  colorimetry  is  made  by  the  aid 
of  a  special  apparatus — viz.,  the  *  polarisation  colorimeter';  this,  in  its 
most  improved  form,  consists  of  two  graduated  cylinders,  A  and  B,  having 

at  the  bottom  a  white  reflecting  surface,  C, 
!  \  i  which  throws  the  light  equally  through  the  two 

!  |  j  cylinders  (fig.  11).    Above  the  cylinder,  A,  is  a 

prism,  D,  of  Iceland  spar,  the  so-called  '  Glans 
air  prism.'  The  prism  is  cut  in  the  direction 
c  d,  and  both  halves  again  joined  together. 
The  surfaces,  a  d,  c  bt  and  b  d,  are  polished ; 
m  and  n  are  diaphragms,  admitting  the  rays  of 
light  thrown  up  from  C.  The  ordinary  ray 
passing  from  A  is  reflected  at  the  surface,  c  d, 
while  the  extraordinary  ray,  a,  passes  on  to  the 
Nicol.  The  rays  of  light  passing  through  B 
into  the  Iceland  spar  half  prism,  E,  divide 
into  extraordinary  and  ordinary  rays;  the  ex- 
traordinary rays  pass  through  the  prism,  the 
ordinary  are  reflected  from  the  polished  surface, 
e  /,  are  again  reflected  by  the  surface,  c  d9  and 
pass  on  to  the  Nicol,  forming  the  bundle, 
The  Nicol  prism  thus  receives  ordinary  rays  from 
B  and  extraordinary  rays  from  A.  The  Nicol 
prism  can  be  rotated  on  its  axis,  and  the  amount 
of  rotation  measured  by  a  divided  circle. 

There  will  be  two  points,  in  one  of  which 
the  extraordinary  rays  will  vanish,  and  in  the 
other,  90°  from  the  former,  the  ordinary  ray 
will  vanish.    Let  these  points  be  0°  and  90  . 
If  both  rays  come  with  equal  clearness  from  D,  then  at  45° — that  is,  exactly 
between  0°  and  90° — the  two  fields  will  be  equally  clear. 

The  clearness  of  the  ray,  a — that  is,  the  extraordinary  ray — is  at 
0°  «=  0,  at  90°  =  1  ;  the  other  ray,  the  ordinary,  /?,  is  exactly  the  reverse — 
that  is,  at  zero  it  is  equal  to  1,  at  90°  it  is  equal  to  0°.  The  angle,  <f>, 
measured  by  the  rotation  of  the  Nicol  with  regard  to  the  ray,  a,  is  pro- 
portional to  the  square  of  the  sine,  that  of  the  ray,  /?,  is  proportional  to 
the  square  of  the  cosine. 

If  both  rays  are  equal  in  intensity,  then  for  any  angle,  <f> ;  a  :  fi  = 
sin2  <f>  :  cos2  <f>  =  tan2  0:1.  The  simplest  method  of  using  the  polarisa- 
tion colorimeter  is  always  to  fill  the  cylinders,  so  that  the  liquid  of  known 
concentration  stands  at  the  same  height  as  the  liquid  of  unknown  concen- 
tration. The  Nicol  is  turned  until  both  fields  are  of  precisely  equal 
brightness,  and  the  angle,  <f>,  being  read,  the  cylinders  are  now  reversed — 
that  is,  the  cylinder  A  is  put  in  the  place  of  B,  and  the  cylinder  B  in  place  of 


Fio.  11.—  The  Polarising 
Calorimeter. 
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A,  and  the  angle,  again  read ;  then  the  calculation  is  very  easy,  denoting 
the  concentration  of  the  one  liquid  as  <-,  the  other  as  c\  and  the  angle  as  <f>. 

,  tan  <f> 

r  =  r   Tf, 

tan  <j> 

An  improvement,  even  on  this  method,  is  the  introduction  of  a  quartz 
plate  between  the  Nicol  and  D ;  the  quartz  plate  has  a  thickness  of  3*75 
mm.,  and  consists  of  one- half  of  right-handed,  the  other  of  left-handed 
quartz.  The  result  of  this  is  that  the  eye  sees  four  fields,  the  ray  f$ 
dividing  into  two  and  the  ray  a  dividing  into  two. 


/31 


P'  a- 

The  Nicol  being  at  0°,  or  at  90°,  the  fields,  /31  and  ft\  are  of  an  equal 
colour  as  well  as  those  of  a1  and  a2,  at  a  point  between  the  two  angles ;  a1 
and  fP  are  of  an  equal  yellow  colour,  while  /31  and  a2  are  of  a  blue  colour. 

If  in  the  cylinders,  A  and  J\  arc  placed  solutions  of  a  colouring 
material  of  different  concentration,  the  one  known,  the  other  not,  both 
fields  lying  to  the  right  have  a  different  degree  of  clearness  to  the  fields 
lying  to  the  left ;  and  since  two  solutions  of  a  substance  of  different  con- 
centration show  a  different  s]>ectnim,  in  this  case  the  field  a  is  differently 
coloured  to  the  field  f¥29  and  fil  differently  coloured  to  a2. 

By  diminishing  the  height  of  the  stronger  liquid,  by  letting  a  little 
flow  out  of  the  tap,  after  a  few  trials  not  only  the  adjacent  fields  have  the 
same  brightness,  but  also  the  same  colour. 

If  the  Nicol  was  placed  at  45°,  and  the  height  of  one  or  the  other  fluid 
be  decreased  by  means  of  opening  the  tap,  then  the  concentration  of  the 
unknown  liquid  is  given  by  the  equation  : — 

,  //' 


r  —  unknown  concentration. 
c    -  known  concentration. 
It  —  height  of  c. 
h  =  height  of  c. 

Kriiss  1  gives  examples  of  the  accuracy  of  the  determinations  of  various 
substances  by  this  method,  as  follows :  — 


Copper  sulphate  solution— 
(1  cc.  =  0*025  grm.), 

Nickel  sulphate— 
(1  cc.  =  0*025  grm.). 

Potassium  monochromate — 
(1  cc.  =  0*375  grin.), 

Ammonia  solution,  to  which 
Nessler's  solution  has  been 
added,  .... 


Actual  Content*. 

0*05000  grm. 
0*05000  „ 
0-07500 


Amount  found 
by  the 
Colorimetrif  Method.  I 


0*05009  grm. 
0-05013  „ 


0*07535 


0  000652  mgmi.      0*000650  liigrm. 


1  KolorimdrU  u.  Quantitative  Spcktralanalyse,  by  Dr.  O.  Kriiss  and  Dr.  11.  Kriiss. 
Hamburg  and  Leipzig,  1890. 
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The  small  error  appears  generally  to  be  in  excess,  and,  no  doubt,  a 
correction  factor  could  be  got  out  for  any  solution. 

An  improved  form  of  colorimeter  has  also  been  invented  by  Hugo 
Kriiss,1  called  "colorimeter  with  the  Lumner-Brodhuns  prism."  The 
essential  part  of  the  instrument  is  the  Lumner-Brodhuns  prism  (see  A,  fig. 
12);  the  one  part  of  the  prism  is  an  ordinary  reflecting  prism,  but  the 
other  part  has  a  polished  plane  surface,  y  r ;  but  from  e  to  g  and  from  r 
to  8  the  section  is  that  of  a  portion  of  a  circle. 

The  other  prisms  have  the  shape  shown  in  fig.  12,  and  the  path  of  the 
rays  of  light  is  indicated  by  the  dotted  lines.  The  effect  of  the  arrange- 
ment is  that  the  eye,  looking  through  the  lens  on  to  the  surface  ergs,  sees 

an  elliptic  spot,  which,  if  the  light 
coming  from  the  two  cylinders  is 
unequal,  is  surrounded  by  a  field  of 
a  different  tone  with  a  sharply  defined 
line ;  but  if  the  light  is  equal  in  in- 
tensity, then  the  line  of  demarcation 
vanishes,  and  the  spot  is  of  the  same 
shade  and  hue  as  that  of  the  sur- 
rounding field.  This  colorimeter  is 
stated  to  be  of  great  delicacy  and 
accuracy. 

Colorimetry  is  applicable  to  the 
estimation  of  ammonia,  nitrites, 
nitrates,  copper,  permanganate,  and 
solutions  generally,  either  coloured  in 
themselves  or  striking  colours  with 
reagents. 

§  566.  (2)  Quantitative  Spectro- 
scopy.—  Quantitative  estimations  by 
the  spectroscope  may  be  made  by  an 
appliance,  the  invention  of  Karl 
Vierordt,-  known  as  the  '  double  slit ' ; 
instead  of  a  single  slit,  the  slit  is 
divided  into  two  halves,  as  shown  in 
fig.  13;  each  half  of  the  slit  can  be 
opened  at  a  different  degree,  and  the 
width  to  which  they  are  respectively  opened,  accurately-  estimated  by 
means  of  the  divisions  on  the  milled  heads  of  the  respective  micrometer 
screws,  i  and  i.  Both  of  these  slits  correspond  to  two  spectra,  as  seen 
through  the  observation  tube.  If  the  light  is  properly  placed  and  both 
slits  equal  in  breadth,  the  illumination  of  both  spectra  will  be  equal ;  on 
the  other  hand,  if  one  slit  is  open  of  a  greater  width  than  the  other 
more  light  will  pass  through.  If  in  front  of  one  half  of  the  slit  is 
placed  a  liquid  which  absorbs  the  light  more  or  less,  in  order  to  make  the 
illumination,  say,  of  the  brightest  part  of  the  spectrum  equal  to  the  other 
spectrum  illuminated  directly  by  the  source  of  light,  the  two  slits  will  have 
to  be  of  a  different  width,  the  one  having  to  bo  narrowed  or  the  other 
widened,  and  by  reading  from  the  milled  heads  the  width  of  the  slit,  a  basis 

1  Kolorimeter  mit  Luraner  Brodhunschen  Prismen-paare  v.  Hugo  Kriiss.  ZeiL  /. 
anorgan.  Chemie,  v. 

1  Die  Anwemiung  dts  Spectral -apparates  zur  Photometric  tier  A  bsorptions-spectren  w» 
wr  quantitation  chemis-hen  Analyse,    Tubingen,  1873. 


Fio.  12. — Colorimeter  with  the 
Lumner-Brodhuns  lYism. 
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Fio.  13.— Vierurdt's  Double  Slit. 


for  calculation  of  the  concentration  of  the  solution  is  obtained  by  deter- 
mining what  is  called  the  'extinction  coefficient.' 

The  following  is  the  method  of  obtaining  the  extinction  coefficient 
of  a  solution:— A  small  glass  trough,  with  parallel  sides,  is  taken, 
the  walls  of  the  trough  being  exactly  11  nun.  from  each  other; 
the  lower  half  of  this  glass  trough 
is  occupied  by  a  Schulz's  glass 
body,  a  solid  bit  of  glass,  which 
occupies  10  mm. ;  hence,  it  is 
obvious  that  when  the  trough  is 
charged  with  a  liquid,  the  light 
will  pass  through  1  mm.  in  the 
lower  half  and  11  mm.  in  the 
upper  half  of  the  trough.  In 
other  words,  light  passing  through 
the  upper  part  will  be  weakened  in 
the  proportion  to  the  lower  as  10  is 
to  1  ;  it  will  pass  through  1  mm. 
of  the  lower  half  and  11  mm.  of 
the  upper  half.  This  trough  is  so 
adjusted  before  the  divided  slit  of 
the  spectroscope  that  the  light 
passing  through  the  one  half  slit  is 
wholly  derived  from  the  upper  half 

of  the  trough,  and  that  passing  through  the  other  half  slit  is  wholly  derived 
from  the  lower  half. 

Before  the  trough  is  placed  in  position  both  slits  are  opened  an  equal 
width,  and  the  light  adjusted  until  an  exactly  equal  illumination  is  obtained. 
On  now  adjusting  the  trough  the  illumination  will,  of  course,  l>e  unequal. 

A  complete  revolution  of  the  micrometer  screw  is  equal  to  100  divisions, 
and  supposing  that  to  make  the  light  equal,  the  one  micrometer  screw  has 
to  be  turned  down  to  30,  then,  as  the  intensity  of  the  light  falling  through 
the  1  mm.  is  to  be  considered  as  equal  to  1,  the  unabsorl>cd  light  is  in  the 
proportion  of  30  to  100,  or  as  0*3  to  1.  The  light  passing  through  the  1 
mm.  being  equal  to  1,  and  the  light  {Missing  through  the  solution  to  0'3, 
then  the  extinction  coefficient  is  equal  to  the  reciprocal  or  arithmetical 
complement  of  the  logarithm  of  0*3,  ore  =  -  log  0*3. 

If  a  table  of  logarithms  l>e  consulted,  the  logarithm  of  0*3  will  l>e  found 
to  be  T'47712 ;  if  the  last  figure  in  the  decimal  portion  be  subtracted  from 
10,  and  the  remainder  from  9,  and  the  index  or  characteristic  be  diminished 
by  1,  this  gives  the  arithmetical  complement — that  is,  0r>i>288,  which  is 
the  extinction  coefficient. 

The  extinction  coefficient  being  known,  the  absorption  proportion  must 
be  obtained,  and  this  is  known  if  the  concentration  is  known,  for 

If  c  =  the  concentration  expressed  as  grammes  per  cubic  centimetre. 
e  =  the  coefficient  extinction. 
A  =  the  absorption  proportion. 


Then, 


A  = 


If  the  absorption  proportion  is  known,  the  concentration  unknown,  all 
that  the  experimenter  has  to  do  is,  for  one  or  more  definite  regions  of  the 
spectrum,  to  work  out  the  extinction  coefficient,  multiply  this  by  the 
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absorption  proportion  for  that  particular  region  of  the  spectrum,  and  the 
result  equals  the  grms.  per  c.c. — that  is, 

c  =  e  A. 

In  other  words,  once  the  absorption  proportion  for  various  regions  of  the 
spectrum  is  known,  it  is  easy  to  ascertain  the  percentage  composition.  The 
more  regions  of  the  spectrum  investigated,  of  course,  the  more  accurate  is 
likely  to  be  the  determination. 

As  an  example,  let  us  take  the  absorption  spectrum  of  permanganate. 
For  wave  lengths,  680*7  to  650,  Kriiss  found  that  a  solution  containing 
0*001  grm.  per  c.c.  gave  a  coefficient  extinction  of  0*47238;  and  for  a 
concentration  of  0*00025  per  c.c.  a  coefficient  extinction  of  0*11351. 

Therefore  dividing  c  by  e  in  each  case,  for  the  one  we  get  as  the 
absorption  proportion  0*002116,  for  the  other  0*002202,  the  mean  of 
which  is  0*002159. 

In  the  region  embraced  between  the  wave  lengths  596*4  and  582*8,  for 
solutions  containing  respectively  0*00025  grm.  and  0  000 125  grm.  per  c.c, 
Kriiss  found  the  coefficient  extinction  to  be  0*40561  and  0*16242 ;  the 
mean  of  the  results  of 

c  divided  by  e  is  0*006845 ; 

and  so  on  for  various  portions  of  the  spectrum.  For  example,  if  it  were 
desired  to  ascertain  the  strength  of  a  solution  of  potassic  permanganate, 
the  unknown  solution  would  be  diluted  until,  from  its  colour,  it  was  judged 
to  be  somewhere  near  the  strength  of  the  solution  whose  absorption 
proportion  was  known  and  several  extinction  coefficients  obtained.  Thus, 
in  the  present  instance,  supposing  for  the  wave  lengths  680*7  to  650*1  an 
extinction  coefficient  of  0*47238,  and  for  the  wave  lengths  613*2  to  596*4  a 
coefficient  extinction  of  1*08093  was  obtained,  the  absorption  proportion 
for  the  respective  wave  lengths  being  known  to  be  0*00215  and  0  00091 86, 
we  should  have — 

[e  x  A  =  c] 

(1)  0-47238x0*002159  =  -00102 

(2)  1-08093x0*0009186=  *00124 

giving  a  mean  value  of  0*0011,  the  real  value  in  this  case  being  in  a  c.c. 
001 ;  a  nearer  approximation  could  be  made  to  the  true  value  by  more  de- 
terminations. 

For  every  coloured  substance  there  are  special  regions  of  the  spectrum 
most  suitable  for  quantitative  estimation,  and  it  is  necessary  in  ascertain- 
ing the  'absorption  proportion '  to  measure  carefully  the  proportions  of 
the  spectrum  observed;  for  example,  Kriiss  finds  that  the  most  suitable 
regions  for  the  quantitative  estimation  of  potassic  permanganate  solution 
are  as  shown  in  the  following  table,  which  also  gives  the  absorption  for 
those  regions : — 


Wave  Lengthy. 

Absorption 
Proi>ortion. 

\  494*7  to  \  488*5 
\  486-5  „  \  480-9 
\  480-9  „  \  474-8 

0  0001 909  1 

0*0002251 

0*0003277 

1  If  oxygen  is  to  be  determined  by  permanganate,  then  the  absorption,  in  terms  of 
oxygen,  is  for  the  wave  lengths  given— 0*00004833,  0*00005699,  and  0*00008296. 
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Three  solutions  of  permanganate  gave  the  following  strengths,  as 
estimated  by  the  spectral  method,  using  alone  the  three  regions  mentioned  : 
0-00189  grm.,  0*00218  grm.,  and  0  00228  grm.  per  c.c.,  while  titration 
with  aodio  thiosulphate  gave  0*00191,  0  00217,  and  0-00229,  thus  proving 
the  great  accuracy  and  convenience  of  the  method. 

As  before  mentioned,  any  spectroscope  with  an  accurate  scale  may  be 
used,  but  Krii8s  has  invented  an  instrument  which  has  some  special 
advantages;  it  is  called  the  -Universal  Spectral  Apparatus,'  and  is 
represented  in  fig.  14. 

B 


Fig.  14. — Kriiss's  '  Universal  Spectral  Apparatus.' 


S  is  the  double  slit  before  described,  and  is  carried  by  the  collimator,. 
A ;  the  edges  of  the  slits  are  of  platinum,  and  both  edges  open  equally  ;  B 
is  a  tube  carrying  the  ordinary  photographic  scale,  the  image  of  which  can 
be  thrown  on  the  prism  ;  the  100  on  the  scale  is  made  to  coincide  with  the 
sodium  line,  D.  The  prism  is  contained  in  D ;  two  prisms  are  supplied 
with  the  apparatus,  one  a  flint-glass  prism  with  a  refracting  angle  of  60° 
and  a  dispersion  extending  from  A  to  H.2=4°  30',  the  other  a  Rutherford 
prism  with  a  dispersion  from  A  to  H2  of  8°  to  11°.  The  first  is  used  for 
qualitative  work,  and  in  cases  where  good  illumination  is  preferred ;  the 
second  when  a  long  spectrum  is  necessary.  C  is  the  telescope,  and  the 
eyepiece  contains  cross  threads ;  this  piece  carries  the  special  measuring 
apparatus,  which  is  represented  in  detail  in  the  figure.  This  measuring 
apparatus  is  accessory  to  the  scale,  already  mentioned,  carried  by  B,  which, 
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for  most  purposes,  is  all  that  is  necessary  ;  but  for  fine  measurements  the 
micrometer  arrangements,  rv  lv  and  r2,  l2  are  useful. 

The  lower  milled  head  micrometer  screw  has  its  circumference,  rv 
divided  into  100  divisions ;  it  moves  the  telescope  round  the  axis,  V,  and 
the  cross  threads  of  the. telescope  being  made  to  coincide  with  any  line  or 
band,  by  means  of  the  scale,  lx  iY  and  the  divided  circle,  rv  a  measurement 
expressed  by  four  figures  can  be  made.  Similarly  the  upper  milled  head 
works  a  micrometer  screw,  and  is  supplied  with  a  similar  scale,  l2  r2.  This 
upper  screw  moves  the  cross  threads,  and  by  its  aid  very  fine  measure- 
ments may  be  made ;  k  is  a  vertical  slit  in  a  shutter,  and  its  use  is  to  shut 
out  all  other  parts  of  the  spectrum  save  that  under  observation. 

Whoever  uses  the  double  slit  for  the  first  time  will  experience  some 
difficulty  in  educating  his  eye  to  appreciate  small  differences  in  the  upper 
and  lower  half  of  the  strip  of  colour.  The  main  errors  of  observation  are 
due  to  placing  the  eye  in  such  a  position  that  more  of  the  one  slit  is  seen 
than  the  other.  It  is  essential  to  success  for  the  two  portions  observed 
to  be  nearly  equal.  The  double  slit  can  also  be  used  as  a  colorimeter; 
that  is  to  say,  by  the  use  of  a  reflecting  prism  and  two  fairly  equal  lights, 
the  illumination  by  a  little  management  is  made  equal  and  then  the  light 
from  the  one  solution,  whose  value  is  known,  is  caused  to  pass  through  the 
one  slit,  and  the  other  rays  from  the  second  source  of  illumination  are 
made  to  pass  through  the  solution  of  unknown  concentration  through  the 
other  slit.  Then  by  widening  or  narrowing  the  one  slit  the  light  is 
equalised. 

In  a  similar  way  the  colour  of  two  samples  of  water  can  be  appreciated ; 
or  a  sample  of  water  can  be  compared  with  distilled  water.  For  this 
purpose  a  stratum  of  from  10  to  20  c.c.  is  necessary. 

In  making  comparative  colorimetric  observations  by  the  aid  of  the 
double  slit,  the  solutions  by  suitable  dilution  should  be  made  approximately 
equal,  for  equality  produced  by  a  moderate  narrowing  or  widening  the 
slit  gives  the  best  results. 

§  57.  Photograpliy. — The  introduction  of  dry  plates  and  the  general 
simplification  of  photography  will,  in  a  very  little  time,  make  its  practice 

general  in  all  the  larger  laboratories  for  pur- 
poses of  registration.  In  important  analyses, 
likely  to  entail  evidence  in  the  higher  courts  of 
justice,  it  might  be  useful  (and  will  always 
be  possible)  to  photograph  certain  analytical 
results. 

In  the  quantitative  determination  of  mix- 
tures of  starches,  a  micro-photograph  of  the 
mixed  starch  and  the  '  imitation '  mixtures 
renders  the  counting  of  the  number  of  starches 
in  the  field  a  very  easy  operation.  Similarly,  if 
a  measurement  of  any  object  be  required,  a 
micro-photograph  having  been  taken,  and  next 
a  photograph  of  the  stage  micrometer  with 
the  same  powers,  the  object  may  be  measured 
Fig.  15.  more  easily  than  in  the  ordinary  way.   It  is  also 

most  useful  for  the  analyst  to  have  by  him,  in 
this  way,  a  series  of  *  picture  records '  for  reference.    Stein's  photographic 
microscope,1  when  the  object  is  not  to  make  pretty  pictures,  nor  to  use 
1  Das  Licht  im  Dienste  urissenschafllicher  Forschung,  by  Dr.  Th.  Stein*  Leipzic,  1877. 
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high  powers,  is  excellent.  It  merely  constat*  (see  fig.  15)  of  a  conical  tube, 
turned  out  of  boxwood,  and  fastened  on  to  the  microscope  tube  by  means 
of  a  screw,  h.  Combined  with  this  fuunel  tube  is  a  wooden  tray,  in  which 
the  frame,  e,  d>f,  g,  easily  slides  backwards  and  forwards.  Thin  panes  of 
glass  are  let  in  the  cassette  into  this  frame.  Whilst  the  image  is  being 
adjusted,  the  thin  glass,  e,  d,  stands  over  the  tube,  and  the  prepared  plate 
is  put  under  the  little  cover  at  </,  /.  If  the  picture  is  well  defined,  the 
frame,  e,  d,  g,f,  is  pushed  into  the  tray,  so  that  the  part,  //,  /,  can  stand 
over  the  microscope  tul>e,  and  by  a  simple  arrangement  the  photographic 
plate  can  be  exposed.  Direct  sunshine  will,  in  some  cases,  be  necessary, 
and  the  rays  should  bo  transmitted  through  a  cell  containing  the  ammonia 
sulphate  of  copper. 

Quite  as  good  results  may,  however,  be  obtained  without  special 
apparatus. 

Place  the  microscope  without  the  eyepiece  in  a  dark  room.  Support 
the  ground  glass  in  a  frame  by  means  of  a  clamp  in  such  a  position  that 
it  is  exactly  in  focus,  lift  it  oft"  without  shaking  the  instrument,  and 
substitute  a  sensitive  plate. 

An  ordinary  electric  lamp  is  enclosed  in  a  Im>x  of  such  size  that  it  can 
be  placed  underneath  the  stage  of  the  microscope,  the  light  from  the  lamp 
passing  through  a  circular  hole.  Should  an  electric  light  not  1m?  available, 
then  a  wooden  box  with  a  l<x>sely-fitting  lid  should  be  mounted  on  stout 
legs.  The  edges  of  the  lid  should  be  lined  with  velveteen.  Underneath 
the  lx>x  a  hole  is  cut,  which  is  adapted  to  the  wide  end  of  the  l>ellows  of 
a  quarter-plate  camera. 

The  narrow  end  of  the  box  is  adapted  to  the  top  of  the  microscope 
tube ;  a  couple  of  projections  in  the  interior  of  the  box  are  placed  to  sup- 
port the  sensitive  plate  or  ground  glass.  The  source  of  light  may  be  any 
ordinary  lamp. 

Provided  the  microscope  has  a  short  barrel,  and  that  all  the  interior  is 
well  blackened,  excellent  photographs  can  be  taken  in  this  way. 

To  photograph  uith  high  powers  it  is,  however,  best  to  purchase  the 
more  elaborate  apparatus  sold  by  opticians. 

§  58.  Colour. — It  will  often  be  necessary  to  ascertain  the  exact 
colouring  matter  used  to  make  articles  of  food  attractive,  more  especially 
confectionery,  jellies,  pickles,  etc.  The  question  will  generally  resolve 
itself  into  deciding  as  to  whether  the  colour  is  harmless  or  prisonous,  and 
if  the  latter,  whether  the  poison  is  in  sufficient  quantity  to  injure  the  con- 
sumer's health.  The  poisonous  colouring  matters  are  those  containing 
lead,  copper,  arsenic,  chromium,  and  zinc,  all  of  mineral  origin ;  together 
with  a  few  injurious  organic  colouring  substances,  such  as  gamboge  and 
picric  acid.  The  non-poisonous  colouring  matters  are  some  of  the  aniline 
colours,  so  tony  as  tlunj  are  fttirc,  mid  contain  no  n ru  nic — saffron,  turmeric, 
annatto,  chlorophyll,  and  generally  (with  some  exceptions)  all  organic 
colours  obtained  from  the  vegetable  and  animal  kingdoms. 

The  first  thing  for  the  analyst  to  ascertain  is  whether  the  colouring 
material  is  insoluble  or  soluble  in  water,  for,  as  a  rule,  with  the  exception 
of  gamboge,  the  harmless  colours  are  soluble,  while  the  mineral  are  in- 
soluble in  water.  The  organic  colours  are  also  bleached  by  a  solution  of 
hypochlorite  of  soda.    The  aniline  colours  are  soluble  in  alcohol. 

The  search  for  poisonous  matters  more  properly  belongs  to,  and  is  treated 
of  in,  the  work  on  4  Poisons '  by  one  of  the  authors.  With  the  exception  of 
salts  of  lead  and  copper  in  small  quantities,  they  are  rarely  met  with  in 
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food,  and  even  in  the  matter  of  confectionery,  of  late  years,  there  has  been 
a  great  improvement.  As  a  rule,  sweetmeats  in  England  are  not  coloured 
with  injurious  matters.1 

The  analyst  having  settled  that  the  colouring  matter  is  one  of  organic 
origin,  by  its  being  bleached  by  sodic-hypochlorite,  and  by  its  solubility  in 
water  or  alcohol,  will  next  proceed  to  study  its  spectroscopic  characters, 
either  by  using  a  pocket  spectroscope  or  the  micro-spectroscope  already 
described. 

Mr.  Sorby  makes  use  for  his  instrument  of  little  cells,  cut  from 
barometer  tubing.  They  are  half-an-ineh  long,  and  with  an  external 
diameter  of  somewhat  under  half-an-ineh ;  they  are  ground  flat  at  each 
end,  and  cemented  with  Canada  balsam  near  one  edge  of  a  glass  plate,  so 
that  they  may  be  examined  sideways  or  endways.  In  examining  an  un- 
known colouring  matter,  he  adopts  the  following  divisions : — 

1 .  Soluble  in  water,  and  not  precipitated  by  alcohol. 

2.  Soluble  in  water,  but  precipitated  by  alcohol. 

3.  Insoluble  in  water,  but  soluble  in  alcohol. 

4.  Insoluble  in  water  and  alcohol. 

He  next  subdivides  his  main  divisions  according  to  the  action  of 
bisulphite  of  soda. 

The  organic  colouring  matters  most  likely  to  be  found  may  be  treated 
of  in  the  order  of  the  spectrum,  beginning  with  the  red. 

§  59.  Reds. — The  common  reds  are— cochineal,  aniline  reds,  alkanet, 
and  the  madder  colours  alizarine  and  purpurine. 

Cochineal. — Cochineal  is  a  red  complex  colouring  matter,  secreted  by 
certain  species  of  a  peculiar  family  of  insects  feeding  on  the  Cactus  cocci- 
nellifera,  C.  opuntia,  C.  tuna,  C.  pereskia.  The  chief  colouring  matter  of 
cochineal  is  4  carminic  acid,'  the  formula  of  which  appears  to  be  Cl7H18O10. 
By  the  action  of  dilute  acids  carminic  acid  splits  up  into  sugar,  and  a 
beautiful  colour  known  as  carmine-red  thus — 

Carminic  acid.   Water.    Carmine-red.  Glucose. 

CitH18O10  +  2H20  =  CnH1207  +  C6H10O5. 

Cochineal  imparts  its  colouring  matters  both  to  alcohol  and  water,  and  is 
precipitated  by  acetate  of  lead,  carminate  of  lead  being  one  of  the  con- 
stituent parts  of  the  precipitate.  The  solutions  of  cochineal  are  purplish- 
red  to  crimson,  turning  a  more  or  less  rich  violet-purple  with  alkalies,  and 
becoming  of  a  yellow  colour  on  the  addition  of  acids.  The  colour  is  well- 
known  to  chemists,  as  it  is  much  used  as  an  indicator  for  acids,  being 
especially  useful  in  titrating  an  alkaline  liquid  containing  carbonates,  since 
carminic  acid  is  not  affected  by  carbon  dioxide  like  so  many  other  colouring 
matters. 

Cochineal  in  neutral  solutions  gives  absorption  bands,  but  not  very 

1  This  is  the  more  necessary  to  state  clearly,  since,  on  the  Continent,  very  erroneous 
ideas  prevail.  Thus,  in  the  44  Dictionnaire  dcs  Alterations  et  Falsifications,"  par  M.  A. 
Chevallier  et  M.  Fr.  Baudrimont,  Paris,  1878,  the  adulterations  of  half  a  century  ago  are 
enumerated  ;  and  the  reader  is  informed  that  the  English  confectioners  not  only  falsify 
their  sweetmeats  with  plaster,  lime,  starch,  baryta,  but  frequently  employ  bronze  powder, 
the  leaf  foil  of  copper,  tin,  and  carbonate  and  arsenite  of  copper,  verdigris,  chromate  of 
lead,  red  lead,  and  vermilion  ;  and,  further,  that  nearly  all  the  ginger  lozenges  contain 
lead.  Similarly,  in  Dr.  Hermann  Klencke's  "  Lexicon  der  Verfalschungen"  in  the  article, 
"  Conditorwaaren,"  it  is  stated  that  almost  all  the  English  confectionery  contains  lead 
salts,  often  to  the  extent  of  one  and  a  half  per  cent  ! !  All  this  is  nonsense.  Such 
adulterations  have  been  found,  it  is  true  ;  but  instead  of  being  common,  they  are  rare  and 
exceptional. 
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definite  when  examined  by  the  spectroscope ;  if,  however,  it  be  made 
ammoniacal,  then  there  are  bands  which  differ  in  position  only  slightly 
from  the  absorption  bands  of  blood. 

No.  18  (fig.  16)  is  a  graphical  illustration  of  the  spectrum  of  cochineal 
in  water;  No.  19,  in  alcohol;  and  No.  20,  on  the  addition  of  nitric  acid 
(a)  or  NHg  (b).  If  alum  is  added  to  cochineal  it  loses  its  power  of  turning 
yellow  with  acids,  and  the  purpurine  band  becomes  so  broad  that  the  two 
bands  almost  run  into  each  other.  On  addition  of  acetic  acid  they  are 
separated,  and  appear  as  tolerably  sharply  defined  bands  between  D  and  E, 
and  there  is  another  at  D. 

On  dissolving  cochineal  with  alum  solution,  a  lake  is  obtained ;  on 
dissolving  this  in  tartaric  acid  or  dilute  nitric  acid,  the  solution  gives  a 
baud  at  b  and  E,  and  another  close  on  D.  The  nitric  acid  solution  gives  a 
spectrum  very  similar  to  blood. 

An  aqueous  solution  of  cochineal  may  be  distinguished  from  the  red 
solutions  of  brazil-wood,  sapan-wood,  peach- wood,  and  a  few  others,  by  the 
fact  that  the  calcium  salt  of  their  colouring  matters  is  violet,  and  readily 
soluble  in  water,  while  the  calcium  stilt  of  cochineal-red  is  dark-purple  or 
almost  black,  and  insoluble  in  water. 

The  following  are  the  absorption  factors  for  carminic  acid,  as  obtained 
by  using  a  solution  containing  0  0001  grin,  per  c.c.  with  a  drop  of  NH8 1 : — 


At  Temp.  aw.      j  Mg$*n  j 


A  627*5  to  \  609*5  0*00113 
\  583*6  „  A  576*6  0*00015 
A  552*6  „  A  540-6  O'OOOlO 

A  522*7  „  A  513-2  1    0  00003 

A  501*6  „  A  493  6  !    0  0001 
A  482*8  „  A  475-0  0*00014 


Aniline  Reds. — The  aniline  reds  are  numerous ;  the  chief  are  fuehsine, 
safranine,  and  coralline.  These  three  may  be  roughly  distinguished  from 
each  other  by  adding  a  dilute  mineral  acid  :  fuehsine  becomes  yellow, 
safranine  violet-blue,  and  coralline  gives  a  yellow  precipitate. 

Fuehsine^  or  Rusaniline,  also  called  magenta,  aniline  red,  and  other 
names.  It  is  a  mixture  of  hydrochloride  or  acetate  of  para-rosaniline 
(triamido  -  triphenyl  -  carbinol)  and  rosaniline  (triamido  -  diphenyl  -  tolyl- 
carbinol).  It  is  distinguished  from  coralline,  which  gives  a  very  similar 
spectrum  (see  No.  28)  by  the  yellow  colour  with  acids  already  mentioned. 

The  absorption  spectrum  of  fuehsine  has  been  studied  by  many  observers, 
among  others  by  Vierordt 2  and  by  Hartley.3 

In  weak  solutions  (0  024  mgrm.  per  c.c.)  it  shows  an  absorption  band 
in  the  visible  spectrum  when  viewed  through  a  stratum  4  mm.  thick, 
extending  from  A546  7  to  A535-0  ;  in  stronger  solution,  012  Thgrm.  per  c.c, 
and  viewed  in  a  layer  4  mm.  in  thickness,  the  band  in  the  visible  spectrum 

1  Ueber  den  Einfluss  der  Temp,  gefarbter  Losungen  u.  die  Absorption  Spectren  der- 
selben  zur  quantitativen  Spektralanalyse,  by  G.  Kriiss  u.  H.  Kriiss.  Zcit.  /.  an»*rgan. 
Chtmic,  i. 

3  Op.  cit. 

*  "The  molecular  structures  of  carbon  compounds  and  their  absorption  spectra. n 
Journ.  Chem.  Soc.,  li.,  1887. 
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occupies  the  region  from  X462  to  X5S0 ;  there  are  also  two  other  bands  in 
the  ultra-violet — viz.,  one  from  A300  to  X283,  and  another  from  A247  to 
X231,  both,  of  course,  invisible  save  with  a  Soret's  ocular  or  other  similar 
arrangement.  A  solution  of  rosaniline  hydrochloride  in  alcohol  (01 55 
mgrm.  per  c.c.)  in  a  layer  of  5  mm,  gives  an  absorption  in  the  visible 
spectrum  from  X591  to         and  in  the  ultra-violet  from  A3 10  to  A274. 
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The  absorption  factor  for  the  spectrum,  from  a  to  H,  has  been  worked 
out  by  Vierordt,  and,  reducing  his  notation  to  wave  lengths,  the  following 
are  the  results  from  B  to  F : — 

No.    L  A  diagrammatic  representation  of  the  band*  of  No,  2. 

2,  Absorption  spectra  of  clear  blue  colmlt  glass, 

3*  Absorption  spectra  of  dark  blue  cobalt  glass, 
ii    4,  Diagrammatic  representation  of  No,  3. 
I(    5,  Alcoholic  solution  of  alizarine, 

6.  Alcoholic  solution  of  alizarine  made  alkaline  with  ammonia, 

7»  Aqueous  ammoniacal  solution  of  alizarine. 
„    8.  AlcoTOlic  solution  of  alizarine  made  alkaline  by  potash, 

0.  Sdphoianthraquinotie  in  iklcoholic  solution  alkalised  by  potash. 
tt  10,  Aqueons  solution  of  tmlphoxanthraquinone  made  alkaline  by  potash. 
,t  11.  A looholie  solution  of  puqm rim;. 
,  |  12.  The  same  alkalised  by  ammonia. 
„  13.  The  same  alkalised  by  jiotash. 
U  14.  A  neutral  solution  of  afizarinamid. 
II  15.  An  ammoniacal  solution  of  alizarin  amid, 
M  16.  A  neutral  solution  of  purpuriuamid. 
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No.  17.  The  nme  alkaliied  by  baryta. 
„  18.  An  aqueous  solution  of  cochineal. 
„  19.  A  dilute  alcoholic  solution  of  cochineal. 

it  20*  Cochineal  in  concentrated  watery  solution  with  (a)  nitric  acid,  (6)  ammonia, 
it  21.  Logwood,  (a)  concentrated  watery  solution,  (6)  dilute. 
„  22.  The  same  with  the  addition  of  nitric  acid. 

.  .  •  The  same  aikalised  by  ammonia. 
„  28.  A  decoction  of  brazil-wood. 
,t  24.  The  same  aikalised  by  ammonia, 
tt  26.  Litmus,  (a)  concentrated,  (6)  dilute. 
„  26.  The  same  made  acid,  (a)  concentrated,  (6)  dilute. 
„  27.  Dilute  solution  of  fuchaine. 
„  28.  Alcoholic  solution  of  coralline. 

„  29.  Alcoholic  solution  of  ecein.  (a)  concentrated,  (6)  dilute. 

tt  80.  8afranine,  (a)  concentrated,  (b)  dilute. 

„  81.  Naphthaline  red,  (a)  concentrated,  (6)  dilute. 

„  82.  Curcuma,  (a)  concentrated,  (b)  dilute,  (c)  strongly  diluted. 

,,  88.  Fluoresoeine,  (a)  somewhat  concentrated,  (6)  dilute. 

„  84.  Fustic  extract. 

„  86.  Fresh  chlorophyll  in  alcoholic  solution. 

86.  Old  chlorophyll  solution. 
„  87.  Wine  colouring- matter,  (I.)pure,  (II.)  diluted. 
„  88.  Wine  colouring-matter + NH,. 

„  89.  (I.)  Mallow  colouring-matter  concentrated,  (II.)  Elderberry  concentrated. 
„  40.  Add  cherry  :— (6.)  Acid  cherry,  with  addition  of  tannin. 
,,  41.  Mallow  colouring-matter,  with  the  addition  of  alum. 
„  42.  Indigo  solution. 

Brighter  portion  of  thi  Spectrum  extending  from  B  nearly  to  D. 
Wav*  Length*.  Absorption  Factor. 

679  9  to  668%  '01447 

668*2  „  646'2  -00449 

646-2  „  629-4,  -00207 

629-4  „  612*6  '00117 

612-6  „  696*9,  *000517 

Darker  portion  of  tub  Spectrum  from  about  D  to  F. 

696-9  „  682-8   -000127 

682-8  ,,669-9,   -0000692 

669-9  „  667*0,   -00002288 

657*0  „  646*8,   -00001248 

646*8  „  636-0,   -000007819 

636  0  „  623  6,   000009669 

523-6  „  516  3,   -00001222 

616-3  „  508-5   -00001376 

508-5  ,,501  1,   '00001394 

501-1  „  494*2,   -0000158 

494-2  „  486  0,   -0000176 

Safranine  dissolves  in  alcohol  with  a  fine  rose-red  colour,  with  a  weak 
red  fluorescence.  Its  spectrum  is  shown  in  No.  30  (a,  concentrated  solu- 
tion, b,  dilute) ;  it  is  like  that  of  eosin  (No.  29),  but  the  spectrum  of  oosin 
is  changed  by  nitric  acid,  that  of  safranine  is  unchanged.  From  a  solution 
containing  safranine,  safranine  may  be  extracted  by  shaking  it  up  with  its 
own  volume  of  amyl-alcohol  in  any  ordinary  separating  tube. 

The  spectrum  of  naphthaline-red  is  figured  No.  31,  after  Vogel,  but  it  is 
not  quite  accurate,  for  it  gives  a  delicate  shaded  band  from  A536  to  A.558, 
and  a  band  extending  from  E  to  A.472. 

Coralline  and  Aurine  (rosolic  acid)  give  a  very  similar  spectrum.  The 
spectrum  of  aurine,  according  to  Noel  Hartley,  in  0*00058  grm.  per  c.c, 
viewed  in  a  layer  of  3  mm.,  consists  of  a  band,  X516  to  A.361,  in  the 
visible,  and  also  a  band  in  the  ultra  violet  spectrum,  X286  to  A.256  ;  in  weaker 
solution  (0*000116  grm.)  there  is  a  single  band,  X484  to  X467. 


72  FOODS  :  THEIR  COMPOSITION  AND  ANALYSIS.       [§  59. 


Ponceau  2  R  (C18H14N207S2Na2),  the  sodium  salt  of  xylene-azo-/3- 
naphthol-disulphonic  acid ; 

Ponceau  3  R,  the  similar  salt  of  cumene ; 

Congo-red,  CnU^fi6&2l$&2,  the  sodium  salt  of  diphenyl-diazo 
binaphthiouic  acid,  all  give  a  similar  spectrum,  a  broad  band  in  the  green, 
from  about  A.448  to  A.488. 

Erythrosine  (phloxine),  C^HgO^Na^  the  sodium  (or  potassium)  salt 
of  tetra-iodo-fluoresceine,  gives  two  bands  in  dilute  solution,  the  one 
extending  from  A.488  to  A.530,  then  a  narrower  band  between  D  and  E, 
X550  to  A.558. 

Fast  Red,  C20H13N2O4SNa,  the  sodium  salt  of  jp-sulpho-naphthalene-azo- 
/?-naphthoi,  gives  in  solutions  of  0*04  mgrm.  per  100  c.c.  viewed  through 
1  mm.,  a  band  between  F  and  G,  A.441  to  A.439. 

Biebrich  Scarlet,  CLH^N^SgNa^  the  sodium  salt  of  sulpho-benzene- 
azo-8ulphobenzene-azo~/?-naphthol,  gives  in  a  solution,  3  mm.  thick,  strength 
0*56  mgrm.  per  100  c.c,  a  band  extending  from  X518  to  A438  (Hartley). 

Oroceine  Scarlet,  C24H18N407S2Na2,  the  sodium  salt  of  sulpho-toluene-azo- 
toluene-azo-jS-naphthol-)S-sulphonic  acid,  gives  in  a  solution,  2  mm.  thick, 
strength  0  45  mgrm.  per  100  c.c,  a  band  from  A.520  to  A.479. 

Alkanet,  the  root  of  Anchusa  tinctoria,  contains  a  red  colouring- matter, 
insoluble  in  water,  but  soluble  in  alkalies,  alcohol,  ether,  and  fatty  oils. 
The  colouring-matter  appears  to  be  anchusic  acid,  CgjH^Og.  In  dilute 
solutions  the  spectrum  shows  three  absorption-bands;  on  the  addition 
of  a  trace  of  a  magnesium  salt,  a  fourth  absorption-band  appears,  hence 
alkanet-red  is  a  test  for  magnesium  salts,  and  conversely  a  magnesium  salt 
is  a  test  for  alkanet-red.1  It  may  not  unfrequently  be  found  as  the  colour- 
ing-matters of  tooth  tinctures,  hair  oil,  etc 

Madder. — The  root  of  the  madder,  Rubia  tinctorium,  contains  two 
colouring-matters — alizarine  and  purpurine — with  others  less  studied. 

Alizarine,  C^HgO^  crystallises  from  an  alcoholic  solution  in  yellowish- 
red  crystals,  and  mav  be  sublimed  as  brilliant  red  needles  at  temperatures 
a  little  above  100  .  The  needles  are  sparingly  soluble  in  water,  but 
dissolve  freely  in  alcohol  and  ether.  Alizarine  is  now  made  artificially  on  a 
large  scale.  The  alcoholic  solution  of  artificial  alizarine  shows  no  bands, 
but  there  is  extinction  of  the  violet  up  to  the  green  (see  No.  5).  On  the 
addition  of  ammonia  the  solution  changes  to  a  beautiful  red,  with  weak 
bands  in  the  green  (No.  6) ;  the  aqueous  ammoniacal  solution  gives  two 
bands  (No.  7);  the  alcoholic  solution  made  alkaline  with  potash  gives 
evidence  of  a  third  feeble  band  (No.  8).  Natural  alizarine  is  not  now 
much  used,  but  it  may  be  at  once  distinguished  from  the  artificial  by  its 
giving  absorption-bands  in  an  alcoholic  solution. 

Alizarine  may  be  also  distinguished  by  chemical  tests :  copper  acetate 
added  to  a  solution  in  alcohol  gives  a  purple  precipitate,  aluminium  acetate 
gives  a  red  precipitate  in  an  alkaline  solution,  and  ferrous  acetate  and  other 
iron  salts  give  a  dark  blue  violet  precipitate.  Blue  precipitates  are  also 
formed  on  the  addition  of  either  barium  chloride  or  calcium  chloride  to 
alkaline  solutions.  These  precipitates  have  respectively  the  composition 
CMH604Ba  and  C14H604Ca. 

Purpurine,  C14H806,  crystallising  from  an  alcoholic  solution  in  yellow 

1  Magnesium  salts  also  alter  more  or  less  characteristically  the  spectrum  of  juice  of 
elder  berries,  the  colouring-matters  of  the  beet,  dahlia,  dragon's  mouth,  horse  chestnut, 

th,  violet,  rhododendron,  purple  aster,  and  Frtm  ulafarinosa.  BcrkfUe  dtr  dttdsch. 
GeseltehnA  xiiL  766-768. 
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<M0dtVk  And  subliming  like  alizarine  in  ml  needled,  dissolves  in  alkalies 
nith  a  (lurk  red  colour;  it  gives  not  bine  hut  purple  pn vj|iitures  with  the 
chlorides  of  calcium  or  Whim,  The  alcoholic  solution  give*  (see  Ifo. 
II)  weak  ;-(i/riiir|iti«»M-l«nii|e  at  F  and  at  KB!  The  spectrum  on  the 
addition  of  ammonia  or  potash  becomes  very  characteristic  (see  Not*  12 
and  13), 

Sajflower* — The  safllower,  Carthatuu*  Hwtorin*,  contaius  in  ita  petals 
several  colouring-mutters,  chief  among  which  is  carthamine  or  carthamio 
acid*  CuHlnOr  Carthamine  turns  red  in  alkaline  solutions,  and  may  be 
precipitated  red  by  an  arid  It  is  met  with  usually  as  a  delicate  pink  Off 
red  dye,  and  forms  the  usual  colouring- matter  of  rouge, 

Logwi&t  contains  a  colouring-matter  named  ktotuafafylot,  C1(,HJ4Ort+ 
31!aO,  crystal li sing  from  water  in  yellow  prisms ;  this  changes  by  the  action 
of  the  air  and  ammonia  into  a  red  or  purple  substance  named  hmmatein 
(Q|^H}gO0)8N.  It  mar  also  be  produced  by  adding  nitric  acid  to  aa 
ethereal  solution  of  htcmatoxylin.  Hmmatciu  always  exists  in  the  free 
htate    in    the    wood,   and    an    ulcohnlic   tincture  tfivel  tbl  MtfilfliB  Of 

turmateiu.  The  spectrum  of  the  logwood  colon  ring-matters  is  delineated 
m  No*.  21  and  22.  Alkalies  turn  the  tincture  first  red,  and  then 
violet.  The  beet  teat,  however,  is  the  addition  of  an  aluminous  salt 
Wan  ammoniac*)  tincture  of  logwood,  the  result  being  the  formation  of  an 
abundant  bluish-violet  precipitate.  To  test  for  alum,  chips  of  logwood  are 
boiled  with  water  and  the  solution  diluted  until  the  spectrum  shows  the 
edge  of  the  band  close  to  the  D  line,  as  represented  in  fig.  16,  curve  22  ; 
on  now  adding  a  drop  of  a  solution  of  alum,  1  per  cent,,  the  absorption  in 
the  btuu  di-viippeaw,  and  a  single  band  makes  its  appearance,  having  its 
centre  about  the  line  D,  and 
extending  from  £  to  between  C 
and  D,  or  to  al>out  \62<S —  the 
curve  then  having  the  position 
■hown  in  fig.  17:  1  mgrm,  of 
either  alum  or  A12C10  way  be  in  Kia  17, 

this  way  recognised.  Iron  inter- 
feres with  the  test,  and  should  it  be  present,  Vogel  recommends  its  con- 
version into  t  he  ferrous  condition,  to  add  ammonium  sulphooyajiide,  and  to 
extract  the  sulphocyantde  with  ether,  iron  sulphocyanidc  being  soluble  in 
ether ;  in  this  way  he  baa  been  able  to  detect  alum  in  a  mixture  of  1  of 
alum  and  40  of  an  iron  salt  (op.  eil ).  Coloured  liquids,  such  as  wine,  are 
decolorised  by  a  little  Kan  de  Javelin  and  hydrochloric  acid,  boiled  with 
alcohol,  neutralised,  and  filtered. 

Brazil- wood,  sapan-wood,  liina-wood,  peach  wood,  and  some  others,  yield 
a  glucoside,  which  splits  up  into  sugar  and  hra*Uiite%  C^U^Oj,  Alkalies 
turn  bm  iltiH  a  crimson  colour,  and  the  crimson  solution  gives  blackish- 
violet  precipitates  with  aluminium  and  stannic  salts.  It  is  oxidised  slowly 
in  the  air,  or  rapidly  by  the  action  of  nitric  acid  into  a  red  crystalline  body, 
hwlhm  (CmH|a07)sN,  The  spectrum  of  brazil  wood  extract  in  solution 
is  delineated  in  Nos,  23  and  24, 

There  is  also  a  red  colouring- matter  yielded  by  the  sautal-wood  named 
'mntatin,1  and  occurring  in  microscopic  red  crystals  insoluble  in  water,  but 
dissolving  in  alcohol,  with  a  red  colour,  turning  to  violet  on  the  addition  of 
alkalies. 

Tfte  Red  Juice*  of  Fruits  and  Berries. — Red  currants  when  fresh  show 
a  I  land  between  I>  and  F,  the  centre  of  the  band  being  nearly  at  E,  In 
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dilute  solutions  there  are  indications  that  this  is  really  a  double  band ; 
when  acidified,  the  colour  can  be  shaken  out  with  amyl  alcohol. 

The  red  colouring-matter  of  the  strawberry  is  also  similar,  if  not 
identical.  It  gives  a  double  band  in  the  green,  and  the  colour  is  dissolved 
from  the  acid  solution  by  amyl  alcohol. 

The  raspberry  has  also  a  similar,  if  not  identical,  colouring- matter. 

The  spectrum  of  these  vegetable  juices  appears  to  be  analogous  to  the 
red  in  the  chromatophore  of  the  lobster  (Thudichum). 

The  red  berries  of  the  common  asparagus  contain  a  yellow  colour 
soluble  in  water,  and  a  red  colouring-matter  soluble  in  alcohol.  The  latter 
colouring-matter  gives  two  well-defined  bands  between  F  and  G. 

The  red  berries  of  Crataegus  also  give  a  two-banded  spectrum,  the  one 
between  £  and  F,  the  other  midway  between  F  and  G. 

All  these  colouring-matters,  however,  require  further  investigation, 
especially  with  regard  to  the  ultra-violet  and  infra-red  portions  of  the 
spectrum,  both  of  which  are  invisible.  The  infra-red  spectrum  will 
specially  repay  study.  A  method  of  examination  of  this  portion  has 
been  discovered  of  great  accuracy.  A  fine  wire,  through  which  a  feeble 
current  of  electrical  current  passes,  is  slowly,  by  means  of  a  delicate  micro- 
meter arrangement,  moved  along  the  invisible  spectrum,  and  where  there 
are  absorption  bands  or  lines  the  electrical  current  is  affected  as  measured 
and  shown  by  a  galvanometer.  The  ultra-violet  part,  if  a  quartz  train  of 
prisms  and  lenses  be  used,  can  be  easily  photographed  or  may  be  viewed  by 
a  Soret'8  ocular. 

The  red  colouring-matters  of  the  grape  and  various  reds  used  to  colour 
wines  are  dealt  with  specially  in  the  article  on  Wine. 

As  with  other  colours,  so  with  red  tints  generally ;  if  they  are  once 
identified,  imitation  mixtures  can  be  made  and  estimated  colorimetrically ; 
or,  if  the  absorption  factor  is  known,  they  may  be  estimated  by  a 
spectroscope  with  a  double  slit  and  a  suitable  shutter  connected  with  the 
ocular. 

§  60.  Orangb  and  Yellow. — The  most  common  oranges  and  yellows 
are  the  annatto  colours :  curcuma,  picric  acid,  fustic,  chrysophanic  acid, 
gamboge,  and  aniline  oranges  and  yellows. 

The  Annatto  Colours. — The  colouring-matters  of  the  annatto  are  two 
substances,  one  a  yellow,  orelUn ;  another  a  cinnabar  red  substance,  bixin. 
The  latter  is  described  in  the  article  on  '  Annatto.  *  The  annatto  colouring- 
matters  are  not  soluble  in  water,  but  are  easily  dissolved  by  alcohol .. 
The  alcoholic  solution  is  orange  red,  and  non-fluorescent.  On  the  addition 
of  nitric  acid  it  becomes  turbid.  On  dilution  with  water,  there  is  a  strong 
fluorescence,  and  it  becomes  yellow-green.  It  then  absorbs,  like  ferric 
chloride,  the  whole  left  side  of  the  spectrum  £,  and  half  to  D. 

Turmeric  is  the  root  of  Curcuma  longa.  The  colouring-matter  is 
curcumin,  C6Hl0O8,  insoluble  in  cold  water,  and  sparingly  soluble  in 
l>oiling  water.  It  is  very  soluble  in  alcohol,  and  forms  brilliant  yellow 
crystals.  Turmeric  moistened  with  boric  acid  and  dried  assumes  an 
orange  colour,  changed  by  alkalies  into  a  blue ;  this  is  due  to  the  formation 
of  a  compound  soluble  in  alcohol,  forming  a  red  solution,  and  crystallising 
in  lustrous  green  crystals,  to  which  the  name  of  rosocyanin  has  been 
given.    No.  32  shows  the  spectroscopic  appearances  of  curcumin. 

Picric  Acid  (C,;IIs(N09)80),  also  called  carbazotic  acid  and  trinitro- 
phenol,  is  formed  commercially  by  dissolving  phenol  in  sulphuric  acid,  and 
thou  treating  the  solution  with  nitric  acid.    It  crystallises  from  hot  water 
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in  yellow  plates,  having  a  very  bitter  taste.  The  salts  are  explosive.  It  is 
taken  up  from  acid  watery  solutions  by  petroleum-ether,  ether,  or  benzine, 
and  hence  can  be  readily  obtained  pure  enough  for  examination. 

Picric  acid  is  not  precipitated  by  acetate  of  lead.  The  chief  chemical 
test  is  the  production  of  isopurpurate  of  potash,  which  is  the  result  of  adding 
cyanide  of  potassium,  and  gently  warming. 

The  reaction  is  represented  as  follows : — 

C^NO^O + 3CNK  +  2HaO = C8H4N508K  +  CO,K,  -t  Nil,. 
Isopurpurate  of  potash  is  of  a  blood-red  colour. 

Fustic  is  the  general  name  for  yellow  colours  found  in  the  wood  of 
the  Moras  tinctoria. 

The  wood  contains  two  distinct  colouring-matters ;  the  one,  moritannic 
acid,  C18H1606  +  HjO,  soluble  in  hot  water,  and  forming  yellow  crystals ; 
the  other,  marine,  C^HgO^,  is  but  sparingly  soluble  in  water ;  crystallised 
from  alcohol  the  substance  forms  yellow  needles.  Both  give  yellow  pre- 
cipitates with  acetate  of  lead.  The  spectroscopic  appearances  of  fustic 
are  shown  in  No.  34  (a.)  in  concentrated,  (b.)  in  dilute  solution. 

CJityeophanic  Acid,  C14H6(CH8)02(OH).,,  melting  point  178°,  appears  to 
be  dioxymethylanthraquinone.  It  is  contained  in  the  rhubarb  and  wall 
lichen  (Parmelia  2>arietina).  In  commerce  it  is  in  the  form  of  six-sided 
tabular  crystals,  of  a  pale  to  an  orange-yellow  colour.  It  is  very  readily 
extracted  from  rhubarb  which  has  been  previously  macerated  in  water, 
pressed,  and  dried,  by  digesting  the  rhubarb  in  benzine.  The  crystals  are 
soluble  in  ether,  oil  of  turpentine,  coal-naphtha,  benzine,  and  other  hydro- 
carbons. 

The  spectrum  of  chrysophanic  acid  is  very  similar  to  tliat  of  natural 
alizarine.  Solutions  of  chrysophanic  acid  give,  with  alkalies,  a  rich  purple 
colour.  An  ammoniacal  solution  of  chrysophanic  acid  yields,  with  alum, 
a  beautiful  rose-coloured  precipitate.  An  alcoholic  solution  of  subacetate 
of  lead  gives,  in  the  alcoholic  solution,  a  red-white  precipitate.  Chry- 
sophanic acid,  on  being  oxidised  with  nitric  acid,  yields  methylanthra- 
quinonc,  C15Hlo0.2. 

Gamboge. — This  is  a  colouring-matter  derived  from  the  Garcinia 
morella,  var.  pedicellata.  It  is  a  gum  resin,  to  which  the  formula  of 
C^HgaOfl  has  been  ascribed.  It  is  very  insoluble  in  water,  but  soluble 
in  alcohol. 

In  order  to  detect  it  in  sweetmeats,  to  which  it  has  occasionally  been 
added,  the  yellow  colouring-matter  is  dissolved  in  alcohol,  and  precipitated 
by  water,  a  reaction  at  once  showing  that  it  is  of  a  resinous  nature. 
The  precipitate,  if  gamboge,  will  give  a  red  colour  with  an  alkali.  It 
is  without  doubt  a  poisonous  colour,  but  the  question  of  quantity  must 
be  considered.  Sixty  grains  have  caused  death,  and  five  grains  is  a 
medicinal  dose  ;  and  since  some  persons,  especially  children,  are  peculiarly 
susceptible  to  the  action  of  medicines,  even  quantities  so  small  as  a 
third  of  a  grain  in  a  couple  of  ounces  of  sweets,  should  be  considered 
as  having  possibly  an  injurious  action. 

Aniline  Oranges  and  Yellows.  —  Emiti*,  C.^H(i()5Br4Na2,  the  alkali 
salt  of  tetra-bromo-fluoresceine,  is  a  reddish-brown  powder  soluble  in 
water,  the  solution  l>eing  of  a  reddish-orange  with  green  fluorescence; 
it  gives  a  yellow-red  colour,  or,  if  in  strong  solution,  a  red  precipitate 
with  hydrochloric  acid.    All  the  derivatives  of  fluoreseeino  have  a  similar 


76  FOODS :  THEIR  COMPOSITION  AND  ANALYSIS.       [§  60. 


spectrum,  of  which  cosine  may  be  taken  as  the  type,  Moderately  diluted, 
there  is  an  intense  dark  band  in  the  green ;  this,  farther  diluted,  divides 
into  two  well-marked  bauds,  the  respective  centres  of  which  (in  an 
alcoholic  solution)  are  A525  and  A491 ;  the  same  bands,  slightly  altered 
in  position,  are  seen  in  ethyl-eosine,  rose  bengal  and  phlox  in.  Eosine  as 
a  dye  may  often  be  recognised  by  the  spectrum  of  the  fabric  strongly 
lit  by  the  reflected  rays  of  the  sun,  or  by  the  lime  or  electric  light  The 
fibre  may  also  be  digested  in  slightly  acidified  alcohol ;  the  alcoholic 
extract  is  then  taken  up  by  amyl  alcohol,  a  drop  of  ammonia  added,  and 
the  spectroscopic  appearances  noted.  The  absorption  factors  of  eosine  from 
a  solution  of  001  lugrm.  per  c  c,  have  been  ascertained  by  Kriiss  for  the 
following  wave  lengths 


XtmSfA  Absorption  ftctor. 

G78-9to65fi'2   0*00025 

627*5  f,  609-5    0*00020 

583-6  „  576*6    0  00012 

552*6  „  540*6    0-000055 

&227  „  513-2   -  0*0000096 

501-6  „  403*6   O-0OOO137 

482-8  „  475*0  ......  0-0000221 

460-0  „  461-5   0  0O00344 


Orocedne  Grange  (Ponceau  4),  C1^HuNo04SNal  is  the  sodium  salt  of 
benzen e-azo- /3-naph thol-/3-sul phonic  acid,  This  dye  is  soluble  in  water 
with  an  orange  colour.  Hydrochloric  acid  gives  a  brownish-yellow  pre- 
cipitate. It  gives  a  spectrum  in  which  a  single  broad  baud  occupies  half 
of  the  green  and  some  of  the  bine  ;  the  baud  in  dilute  solution  extends 
from  about  A526  to  A438. 

Orange  T  (Mandarin  G  R)r  C^HpI^O^SNa,  is  the  sodium  salt  of 
sulpho-o-toluene-azo-^  naphthol,  it  is  soluble  in  water,  and  precipitated  by 
hydrochloric  acid  in  brown  flocks.  It  gives  a  similar  spectrum  to  the 
above. 

Orange  I  (Tropajoline  OOO),  C1(JHnNa04SNa,  is  the  sodium  salt  of 
j»-eulpho-benEeue-azo^-naphthol,  while  Orange  II  is  the  similar  compound 
of  /?-naphthol ;  the  former  gives  a  brownish-yellow  colour  to  hydrochloric 
acid,  and  precipitates  in  brown  flocks.  It  gives  a  spectrum  similar  to 
c  raceine  orange ;  0*2  mgrm.  in  1  c.c,  viewed  in  a  stratum  of  4  mm.,  gives  a 
band  extending  from  A530  to  A3 9 9. 

Remrdn  Yellow  (Tropseoliue  O),  ClsH9N20&SNa,  is  the  sodium  salt  of 
p-sulpho-benKene-azo-resorcmol ;  it  is  soluble  in  water,  and  not  changed  by 
hydrochloric  acid  j  dissolved  in  the  proportion  of  0*2  mgrm,  in  a  c.c  of 
water,  and  viewed  in  a  stratum  of  4  mm.,  it  gives  a  single  band  from  A475 
to  A361  {Hartley). 

Diphenylamine  Grange  (Orange  IV— Tropieoline  00 — Fast  yellow),  C18 
HliNaOgSKaJ  is  the  sodium  salt  of  7  >-s  u  1  pho-bei izene-azo-d iph cny lam ine. 
The  salt  dissolves  in  water  readily  ;  it  gives  a  violet  precipitate  with 
hydrochloric  acid.  It  gives  no  bands,  but  cuts  off  the  violet  and  blue 
rays. 

Clirytoidint,  C|3H]SN,C1;,  is  the  hydrochloride  of  diamido-azo-benzeue. 
In  commerce  it  is  more  often  mixed  with  other  colours ;  thus,  mixed  with 
magenta,  it  is  known  as  *  cardinal 1 ;  with  safranine,  it  is  known  as 
'scarlet  for  cotton 9 ;  it  is  soluble  in  water,  and  strikes  with  hydrochloric 
acid  an  orange-brown  colour*    It  gives  a  band  in  the  visible  spectrum,  when 
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in  the  concentration  of  0  8  mgrm.  por  c.c,  and  viewed  through  2  mm., 
extending  from  X494  to  A.439 ;  in  a  stratum  of  3  mm.  there  is  a  band  in 
the  ultra  violet  from  X247  to  X232  (Hartley). 

Methyl  Orange  (Orange  III— Hclianthine),  C^H^NgSOgNa,  is  the 
sodium  salt  of  p^ulpho-benzcnc-azo-diinethylanilinc ;  it  is  a  common 
laboratory  reagent  as  an  iudicator  for  alkalies  and  acids.  It  is  readily 
soluble  in  water  to  an  orange  solution,  and  strikes  a  magenta-red  with 
hydrochlorio  acid  and  other  acids.  Methyl  orange  in  a  concentration  equal 
to  0*3  mgrm.  per  ac,  and  viewed  through  a  stratum  of  3  mm.,  gives  a  band 
extending  from  X509  to  X3G1  ;  it,  therefore,  shuts  off  all  the  violet  and 
blue  rays,  as  well  as  some  of  the  green.  It  also,  under  the  same  conditions, 
gives  a  spectrum  in  the  ultra  violet,  extending  from  X270  to  A.256.  In  a 
more  dilute  solution  (0*06  mgrm.  per  c.c.)  it  gives  a  hand  from  X458  to  MOT 
(Hartley).  [ 

Metanil  Yellow,  C18HuNsO;JSXa,  is  the  sodium  salt  of  w-sulpho-benzene- 
azo-diphenylamine ;  it  is  soluble  in  water,  and  gives  a  crimson  colour  with 
hydrochloric  acid.  It  gives  no  band  in  the  visible  spectrum,  but  shuts  off 
all  the  violet  and  blue  rays. 

Phosphine  (Chrysaniline),  C1(.,nic>»r/)3,  is  the  nitrate  of  diamido-phenyl- 
acridine  and  its  homologues.  This  colour  is  soluble  in  water,  and  does  not 
change  colour  with  hydrochloric  acid.  It  gives  a  shadowy  band  from  A.486 
to  X508  in  the  visible  spectrum. 

§  61.  The  Gbbkns — are  chlorophyll  and  the  aniline  greens. 

Chlorophyll,  the  green  colouring-matter  of  plants.  It  would  appear 
that  it  is  now  possible  to  separate  chlorophyll  in  a  crystalline  state.  The 
merit  of  this  discovery  belongs  to  A.  Gautier,  who  crystallised  chlorophyll 
in  1877,1  and  two  years  afterwards  Hoppe-Seyler,2  without  knowing  of 
Gautier's  paper,  described  the  same  substance  under  the  name  of  chloro 
phyllone.  Gautier's  method  is  as  follows : — The  leaves  are  pounded  in  a 
mortar,  and  sodic  carbonate  added  in  quantity  nearly  sufficient  to  neutra- 
lise the  acid  juices,  and  the  product  strongly  pressed.  The  marc  is  then 
exhausted  at  55°,  and  again  strongly  pressed  :  to  the  exhausted  substance 
alcohol  is  added,  and  the  whole  digested  at  83° ;  chlorophyll,  wax,  pig- 
ments, fat,  and  other  matters  dissolve.  The  liquid  is  filtered  and  digested 
with  coarse  animal  charcoal,  which  has  been  previously  washed.  At  the 
end  of  four  or  live  days  it  has  lost  its  green  colour,  and  becomes  ycllowish- 
or  brownish-green.  The  charcoal  retains  the  chlorophyll,  and  is  now 
washed  with  alcohol  at  65°;  the  latter  removes  a  yellow  crystallisable 
substance  generally  accompanying  chlorophyll,  ami  intimately  allied  to  it 
in  composition. 

From  the  animal  black  thus  freed  from  the  yellow  substance,  chloro- 
phyll may  be  extracted  by  anhydrous  ether,  or  very  light  petroleum  ether. 
A  slow  evaporation  in  the  dark  will  yield  it  in  crystals.  Thus  obtained, 
chlorophyll  forms  flat,  ofton  radiating  crystals,  which  may  be  more  than  a 
centimetre  in  length,  soft  in  consistence,  and  of  an  intense  green  colour 
when  recent,  but  slowly  changing  to  yellowish-green,  or  greenish-brown. 
If  the  crystallisation  is  too  rapid,  these  long  crystals  are  not  obtained,  but 
green  masses  composed  of  microscopical  crystals,  belonging  to  the  rhombo- 
hedral  system. 

Diffused  light  changes  chlorophyll  to  yellowish-green,  and  ultimately 

1  Bulletin  de  la  Sorittc  Chcm.  T.  xxviii.,  1877,  p.  147.  Comptes  rendu*,  lxxxix., 
p.  861. 

a  Berichtc  der  dcutschvi  chem.  Qfselh'haft,  1870. 
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decolourises  it.  The  crystals  dissolve  in  ether,  chloroform,  petroleum, 
carbon  disulphide,  and  benzine.  Digested  with  hydrochloric  acid,  chloro- 
phyll splits  up  into  two  new  substances,  one  giving  a  beautiful  blue 
solution,  the  other  remaining  insoluble,  but  dissolving  with  a  brown  colour 
in  hot  ether  and  alcohol,  from  which  it  appears  inclined  to  crystallise. 
Fremy,  who  was  the  first  to  notice  this  splitting-up  of  chlorophyll,  called 
the  first  substance  phyllocyanine,  and  the  last  phylloxanthine. 

The  ultimate  analyses  of  chlorophyll  by  Hoppe-Seyler  and  Gautier 
agree  fairly  well,  especially  as  Hoppe-Seyler's  chlorophyll  being  derived 
from  monocotyledonou8  and  Gautier's  from  dicotyledonous  plants,  it  is 
possible  there  may  be  some  slight  difference  in  their  composition.  Chloro- 
phyll has  not  yet  been  obtained  free  from  ash. 


Hoppe-Seyler.  Gautier. 

Carbon,       .       .       .  73  4  73*77 

Hydrogen,   .       .  9*70  9*80 

Nitrogen,     .       .       .  5*62  4*15 

Phosphorus,        .       .  1*37 

Phosphates,  Ash,        .  1*75 

Magnesia,    ...  *34 

Oxygen,      .      .  9*57  10*33 


Mr.  Sorby  has  studied  the  colouring-matters  of  leaves,  and  has  divided 
them  into  five  groups : — 1,  Chlorophyll ;  2,  xanthophyll ;  3,  erythrophyll ; 
4,  chrysophyll ;  and  5,  phaiophyll. 

The  Chlorophyll  group  are  all  green  in  colour ;  the  members  are  insoluble 
in  water,  but  soluble  in  alcohol  or  carbon  disulphide.  The  absorption-band 
is  in  the  red,  but  the  green  is  more  or  less  completely  transmitted,  so  that 
the  prevailing  tint  is  a  more  or  less  modified  green.  There  appear  to  be 
several  members  of  the  group,  one  kind  (which  is  probably  the  crystalline 
chlorophyll  just  described)  occurs  nearly  pure  in  small  aquatic  plants,  allied 
to  the  Oscillatoria ;  the  green  leaves  of  plants  contain  this,  along  with  one 
which  gives  special  absorption-bands.  A  third  kind  is  the  result  of  the 
action  of  acids  on  this,  found  more  especially  in  autumnal  leaves  which 
have  become  brown.  A  fourth  is  in  faded  Confervse,  and  turns  blue  when 
acted  upon  by  hydrochloric  acid  (Frciny's  phyllocyanine  ?). 

Xanthophyll. — This  is  a  group  of  orange  colours.  They  are  insoluble  in 
water,  but  soluble  in  alcohol  or  carbon  disulphide.  The  general  tint  of  the 
spectrum  is  orange,  there  is  absorption  at  the  blue  end,  often  more  or  less 
marked  narrow  bands.  These  bands  are  best  seen  in  carbon  disulphide 
solution.  Examples  of  two  species  of  xanthophyll  are  the  inner  and  outer 
layers  of  the  common  carrot. 

Erythrophyll. — A  group  of  reds.  They  are  soluble  in  water  and  weak 
alcohol,  but  not  in  carbon  disulphide.  There  are  many  varieties.  There 
is  a  strong  absorption  in  the  green  parts  of  the  spectrum. 

Chrysophyll  is  a  golden-yellow  colour,  soluble  in  water  and  weak  alcohol, 
like  the  last,  and  insoluble  in  carbon  disulphide. 

The  Phaiophyll  group  consists  of  various  browns,  due  to  the  oxidation 
of  chlorophyll.    They  give  no  definite  absorption-bands. 

The  spectrum  of  chlorophyll  is  given  in  Nos.  35  and  36  (fig.  16).  No. 
35  is  an  alcoholic  solution  of  fresh  chlorophyll.  There  are  two  well-defined 
absorption-bands  in  the  red,  and  two  others,  somewhat  weaker,  between  E 
and  D.  The  blue  end  of  the  spectrum,  up  to  F,  is  dark.  Old  solutions 
(No.  36)  alter  the  bands  somewhat,  and  a  fifth  band  appears  between  F 
and  C. 


"w^ater,  Gut~Kuluble  in  alcohol,    The  spectrum  of 
( 1 ),  me thytrosaoi line  picratc  (2 ),  iodine  green  ( 3),  and  malachi  Ic 
ill  similar,  but  by  the  aid  of  teats  and  comparative  solutions 
lgnished  from  each  other, 
diagram  (ftg.  1*),  after 

the  spectra, 
ley  has  investigated  the 
dine  green  in  a  concent ra- 
il, per  c.c,  viewed  In  I 
urn.  ;  it  ^ivi'S  tin 
ic  visible  part  two  ban  da, 
t  to  &M&,  i lit-  other  i 

in  the  ultra  violet  a  single 

4  to  A286 ;  but  in  a  layer  of  4  mm.  two  bands  are  seen  in 
it*  one  from  A3 17  to  A286,  the  other  from  A256  to  A235. 
*  if  not  all,  of  the  aniline  greens  give  bands  in  the  ultra 

Dfl  awn  Violets. — The  chief  blues  to  be  found,  not  of 
are  indigo,  litmus,  and  the  aniline  colours, 
igo  is  the  produce  of  a  great  number  of  plants,  most  of 
o  different  species  of  huiogifera.  It  would  seem  that  the 
these  plants  in  the  form  of  a  syrupy  glucosidc,  which  has 
lean,  and  splits  up  into  indigtucin  and  imlig<hHu*%  according 

tiMlirjUi.         Water        Imlijio  U\un  tTnUgltidii 

lent  of  the  crude  substance  by  acids,  other  red  and  yellow 
are  throwu  dowu  with  the  indigo.    Pure  indigotin  has  to 

IS6  impurities,  and  may  bo  crystallised  in  minute  crystals, 
of  sublimation, 
ligotin  is  of  a  deep  purple  colour,  and  is  insoluble  in  water, 
alkalies,    it  is  converted  into  prang      >.tuis  K^^^tfm^ 
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into  the  hot  solution,  the  colour  changes  at  first  to  yellow  until  an  excess 
of  indigo  has  been  added.  The  spectrum  of  indigo,  in  concentrated  solution, 
is  shown  in  No.  42.  There  are  no  bands,  but  absorption  of  the  red,  orange, 
and  yellow  end  of  the  spectrum.  Indigo  can  be  determined  quantitatively 
by  the  spectroscope;  the  absorption  factor  for  A.412  7  to  A.595-9  is  0  0000 142. 

Litmus  is  a  blue  colour  obtained  from  lichens,  and  very  familiar  to 
chemists  as  an  indicator  of  acids.  As  a  colouring  agent  of  either  foods 
or  stuffs,  it  is  of  little  importance,  not  being  a  '  fast  colour.'  Its  spectrum 
is  shown  at  Nos.  25  and  26. 

Aniline  Blues. — The  aniline  blues  and  violets  are  numerous,  and  give 
spectra  in  which  may  be  seen  one  or  more  bands  in  the  red. 

Met?iylene  Blue,  C16H18N8SC1  or  (CltfH18N8SCl)2  +  ZnCl2  +  H20,  is  the 
hydrochloride,  or  may  be  found  as  the  zinc  double  chloride  of  tetra-methyl- 
thionine.  It  is  easily  soluble  in  water,  but  less  soluble  in  alcohol. 
Reducing  agents  reduce  it  to  leucomethylene  blue,  the  air  oxidising  it 
back  again  to  methylene  blue.  Concentrated  solutions  shut  off  all  red 
and  yellow  up  to  A547 ;  more  dilute  ones  show  a  band  from  D  to  C  (X589 
to  X622). 

The  absorption  factor  has  been  worked  out  for  certain  wave  lengths.1 


W.veemi2nltl«.  Ab.orption  Factor. 

X678*9  toA656'2    0*0001996 

A627  5  toA609*5    0*000265 

A583  6  to  A576  '6   0  '000725 

A552  6  to  X540  6   0  00125 

A5227  toA513*2   0 '00308 

A5016  to  A493*6    0*00326 

A482-8  to  A475-0    0*005 

A469  0  toA461*5   0*0176 


Mauve  (Perkins'  Violet),  the  colouring-matter  of  postage  stamps,  is 
soluble  in  water,  and  gives  a  band  from  X614  to  X558. 

Aniline  Blue  (soluble  in  spirit)  is  the  hydrochloride,  sulphate  or  acetate 
of  triphenyl-rosaniline  and  triphenyl-para-rosaniline.  These  blues  are 
insoluble  in  water;  properly  diluted  they  give  a  band  extending  from  d 
.  to  D. 

Methyl  Violet  gives  a  band  the  centre  of  which  occupies  the  line  D. 

Alkali  Blue  6  B  gives  no  band,  but  extinguishes  the  red  and  yellow ; 
on  acidifying  with  HC1  a  band  is  produced  between  E  and  D,  and  there 
is  absorption  of  the  violet  and  blue. 

§  63.  Brown  Colours. — Bismarck  Brown  (Vesuvine),  C^H^NgCl^ 
is  the  hydrochloride  of  benzene-diazo-phenylenediamine.  It  is  soluble  in 
water,  and  does  not  change  by  acidifying  with  hydrochloric  acid.  Hartley 
has  investigated  its  spectrum.  In  a  stratum  5  mm.  thick,  with  a  con- 
centration 0*09  mgrm.  per  c.c,  it  gives  a  band  extending  from  X467  to 
X407. 

Acid  Brown,  C18H15N608SNa,  is  the  sodium  salt  of  benzene-azo- 
phenylene-diamine-azo-benzene-jt>sulphonic  acid;  it  is  soluble  in  water, 
and  does  not  change  by  the  addition  of  hydrochloric  acid.  A  solution  of 
4  mgrnis.  per  c.c,  viewed  in  a  stratum  8  mm.  thick,  gives  an  absorption 
band  from  X451  to  X399. 

Caramel. — All  shades  of  brown,  from  a  rather  delicate  fawn  colour  up 
to  black  or  nearly  so,  can  be  given  by  caramel.    Caramel  is  not  a  single 

1  G.  and  H.  Kriiss,  Zeit.  f.  anorgan,  Chemie,  I. 
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simple  substance,  but  a  mixture  of  various  colouring-matters  derived  from 
the  dehydration  of  sugar.  Caramel  is  soluble  in  water,  and  is  precipitated 
by  alcohol. 

Caramel,  as  it  usually  occurs,  is  almost  all  soluble  in  water,  and  gives 
precipitates  with  alcohol,  ammoniacal  lead  acetate,  and  baryta  water.  It 
gives  a  spectrum  without  definite  absorption-bands,  but  extinguishes  the 
blue  side  of  the  spectrum,  liko  ferric  chloride.  Caramel  may  be  suspected 
in  a  brown  liquid  not  coloured  by  a  mineral  substance,  which  is  not 
decolorised  when  sufficient  tannin  is  added,  for  the  colouring-matter  of 
berries  is  precipitated  by  tannin.  Among  the  members  of  caramel,  there 
are  three  principal  substances — viz.,  caramelane,  C12H„sO,„  carameline, 
and  caramel  in. 

Caramelane  makes  up  the  chief  bulk  of  ordinary  caramel.  It  is  brown, 
hard,  and  brittle,  bitter  to  the  taste,  without  odour,  deliquescent,  and 
very  soluble  in  water,  sparingly  soluble  in  weak  alcohol,  insoluble  in  ether. 
It  does  not  precipitate  metallic  salts  in  aqueous  solutions,  but  reduces  an 
alkaline  solution  of  oxide  of  copper,  and  also  the  salts  of  gold  and  silver. 

Carameline  may  In?  separated  from  caramelane  by  first  extracting  the 
latter  by  alcohol  of  84  per  cent.,  exhausting  with  cold  water,  and  pre- 
cipitating with  absolute  alcohol.  It  is  h  brittle  solid,  of  great  tinctorial 
power;  it  is  easily  soluble  in  water,  sparingly  in  alcohol,  insoluble  in 
ether. 

Cnramelin  is  a  mixture  of  three  substances  of  different  solubilities :  it 
is  black,  shining,  and  infusible.  Its  solutions  precipitate  metallic  salts, 
and  reduce  gold  and  silver  solutions. 

§  64. -SCHEME  FOR  THE  DETECTION  OF  THE  ANILINE  AND  OTHER 
COLOURING  MATTERS 1  HY  CHEMICAL  REAGENTS. 

The  aniline  colours  admit  nf  a  chemical  classification  as  follows: — 

I.  Nitro-CoJimrs. — The  example  «>f  which  arc  picric  acid,  the  dinitr<K?resols, 
bronioiiitro-phenol-/>-sulphonic  acid. 

II.  Aztuy-Culutirs,  such  as  tin*  M»dium  <*alt  nf  az«>xystilbene  disulphoiiie  acid,  kimwn 
in  commerce  as  "sun  yellow." 

III.  Hydrazine  Co/ours,  such  as  "  tartrazincs." 

IV.  AtO'Othmrs. — Tin-scan-  very  numerous.  The  bivalent  azo-grmip  ( — N  =  N — ' 
is  found  in  two  classes  of  organic  bodies  -in  the  diazo  and  in  the  azo  comj>ounds.  In  the 
diazo  compounds  the  one  valency  is  satisfied  by  a  benzol  residue,  and  the  other  by  a 
halogen,  hydroxyl,  an  inorganic  acid,  "ran  amido-gr'Mip  ;  *'.g.-- 

C(iH,  —  N  =  N  -  ■  CI.  (<  VII,  -  N  =  N)2  —  S04. 

Diazobenzol.  I>in/o1'iMi/ol  sulphate. 

C,.H,  —  N  r-  N  -  NH^',;H:,\ 
I>i!i7.r«imi»l't)ioii/.nl. 

('..H,--  N  =  N  — NO, 
I 

C,:H4  —  X  r-  N  — NO,. 
Tetrazodiphenyl-nitnite. 

These  diazo  bodies  possess  no  colouring  properties,  but  they  are  the  more  important 
sources  of  the  azo  bodies. 

1  The  above  classification  is  borrowed  from  Tim  Si/sfanotic  Snrrry  of  Ihr  Organic 
Colouring- Matte r$,  by  Dr.  0.  Schultz  and  I*.  Julius,  translated,  with  additions,  by 
Arthur  O.  Green,  F.I.C.,  F.C.S.,  London,  18i)4.  On  the  interesting  ehromophore  theory 
of  Witt,  see  Bn\  der  drutsehen  chem.  Ges.,  ix.,  j>.  522,  and  Chanib-r-Zeitung,  iv.,  422. 
On  the  poisonous  proj>erties  of  the  tar  colouring-matters,  see  Die  Thcerfurbea,  ynit 
btsemderer  Rilcksicht  auf  Schadlichkcit  u.  Gcsctzgclung,  hygienisch  tt.  furensisch-chtmisch 
unttrsucht,  by  Dr.  Th.  Weyl.    Berlin,  1889. 
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The  azo  bodies  contain  two  benzol  residues,  each  of  which  is  bound  to  a  valency  of 
the  nitrogen  atoms,  thus — 

CflHB-N  =  X-C6H5. 
Azobenzol. 

CH,  CHS 

CflH^N  =  N-C6H4/!/ 
Azotoluol  (ortho  and  para). 

C10H7-N  =  N  —  C10H7. 
Azonaphthalin. 

^NOa 

N  =  N  —  CH2  —  CO  —  CHS. 
Nitrophenylazoacetone. 

The  azo  bodies  uossess  colour,  but  are  not  dyes  until  an  acid  or  basic  group  is  intro- 
duced into  the  molecule ;  azo-benzol,  for  example,  is  a  yellow  substance  not  capable  of 
dyeing,  but  azo-benzol  mono-  or  di-sul phonic  acid  possesses  weak-dyeing  properties. 
Similarly,  if  an  hydrozyi  or  an  amide  group  enters  into  the  molecule,  the  dyeing 
properties  are  much  enhanced  ;  for  example,  amido-azo-benzol  disulphonic  acid — 

NH3(4) 

C6H4-N-^-C6H, 

HSO,  HS0S, 

in  the  form  of  a  sodium  salt,  is  the  chief  constituent  of  '  acid  yellow ' ;  tropaeolin  Y  is 
the  sodium  salt  of  oxy-azo-benzol  sulphonic  acid— 

C«U4-ft  =  N-CflH4(OH) 
HS03. 

About  half  the  number  of  tar  colours  known  belong  to  the  azo-group. 
Examples  of  azo  colours  are : — 

Yellows.  — Acid  yellow,  Sudans — croceine — orange — butter  yellow. 
Reds. — Various  Ponceaux,  Bordeaux,  Roccellinc. 
Black. — Azonigrine — naphthylamine  black  D. 

Purplbs  AND  Blues. — Hessian  purple,  diamine  violet,  sulphone-azurine. 
V.  Nitroso  Colours. — All  the  colours  in  commerce  belonging  to  this  group  are  green  ; 
examples  are  dinitroso-resorcin,  naphthol  green. 

Vi.  Oxyketone  Colours.  — Examples  are  alizarines — purpuriue. 

VII.  Diphenyl-methane  Colours.—  Examples,  auramino,  acridine  red,  pvronines. 

VIII.  Triphenyl-methane  Colours. — Examples,  malachite  green,  victoria  blue,  magenta, 
acid  magenta,  methyl  violet,  eosine,  erythrosino,  rose  Bengal,  phloxines,  rhodamines. 

IX.  Indophcnols. 

X.  Oxaaines  anil  Thiazincs.  —Examples  are  Meldola's  blue  (chloride  of  dimethyl- 
phenylammonium-jS-naphthoxazine),  methylene  blue  B  and  B  G  H  (hydrochloride  of 
tetramethyl  thionine),  thionine  blue  (hydrochloride  of  trimethyl-cthyl-thiouine). 

XI.  Azines. — (a)  Eurhodinos. —Example,  neutral  violet  (hydrochloride  of  dimethyl* 
diamido-phenazine).  (b)  Safranines  and  indulines. — Examples,  safranine,  naphthalene 
red,  mauve,  induline. 

XII.  Artificial  Indigo. 

XIII.  Quinoline  Colours. — Examples,  quinoline  red  and  quinoline  yellow,  aldehyde 
green. 

XIV.  Acridine  Colours.  —Examples,  acridine  yellow,  acridine  orange,  phosphine 

XV.  Thiobenzcnyl  Colours. — Examples,  thiollavine,  primuline. 

To  these  must  be  added  a  number  of  colours  like  canarine  and  murexide,  which  either 
do  not  fall  within  the  above  divisions,  or  their  constitution  is  insufficiently  known. 

The  group  reagents  used  by  Schultz  and  Julius  are — (1)  a  solution  containing  10  per 
cent  tannin  and  10  per  cent,  sodic  acetate  ;  (2)  zinc  dust  and  hydrochloric  acid,  or  zinc 
dust  and  ammonia  ;  (3)  1  per  cent,  solution  of  chromic  acid  ;  (4)  1  per  cent,  solution  of 
chromic  acid  and  5  per  cent,  sulphuric  acid.1 

1  Systematic  Survey  of  the  Organic  Colouring-Matters,  by  Drs.  G.  Schultz  and  P. 
Julius.   Translated  by  Arthur  G.  Green,  F.I.C.,  F.C.S.   London,  1894. 
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Gbovp  I.— COLOURS  80LUBLE  IX  WATER. 

A.  FlllCIPITATKD  BY  TANNIN  SiiLrTInX  :  Basic  colours.     Reduce  uolH'i'llH  solution  by 

zinc  dust  and  hydrochloric  acid,  and  put  a  drop  m-  twn  of  the  decolorised  solution 
on  filter  paper.  If  the  colour  dues  not  quickly  n-turii  mi  exposure  to  air,  the  sjut 
is  touched  with  a  drop  of  1  ]mt  cent,  chromic  acid  notation. 

(1.)  Tlie  original  colour  quickly  reapj>earM  on  cx|H>sure  to  air;  azine,  oxazine,  thiazine, 
and  acridine  colours. 

RED.  — TOLU YLENE  RED,  SAFRANINE,  PYRONINE,  ACRIDINE  RED. 

ORANGE  AND  YELLOW.— PHOS PHI NE,  BENZOFLUORINE,  ACRIDINE 
YELLOW,  ACRIDINE  ORANGE. 

GREEN.— AZINE  GREEN. 

BLUE.— METHYLENE  BLUE,  THIONINE  BLUE,  TOLUIDINE  BLUE, 
MELDOLA'S  BLUE,  MUSCARINE,  NEUTRAL  BLUE,  BASLE  BLUE 
R  and  B  B,  NEW  METHYLENE  BLUE  G  G,  NILE  BLUE,  CAPRI 
BLUE,  FAST  BLACK,  INDAZINE  M,  METAPHENYLENE  BLUE  B, 
PARAPHENYLENE  BLUE,  INDAMINES. 

VIOLET.-MAUVE,  AMETHYST,  NEUTRAL  VIOLET,  FAST  NEUTRAL 
VIOLET,  PRIME,  PARAPHENYLENE  VIOLET,  INDAMINES. 

(2.)  The  colour  roaiqK'iira  very  slowly,  or  not  at  all,  on  exj>osurc  to  air,  hut.  returns  on 
spotting  with  1  per  cent,  chromic  avid  solution  ;  triphcnylmethane  colonic  and 
basic  phthaleius. 

RED.— MAGENTA,  ISORUBINE,  RHODAMINE,  ANISOLINE. 

GREEN.— MALACHITE  GREEN,  BRILLIANT  GREEN,  METHYL  GREEN, 
IODINE  GREEN. 

BLUE.— VICTORIA  BLUE  B,  VICTORIA  BLUE  4  R,  NIGHT  BLUE. 

V IOLET. — M ET H Y L  VIOLET,  CRYSTAL  VIOLET,  HOFM ANN'S  VIOLET, 
BENZYL  VIOLET,  ETHYL  PURPLE,  REGINA  PURPLE. 

(3.)  Original  colour  does  not  return  at  all. 

YELLOW  AND  BROWN.— AUR AMINE  (this  colour,  when  a  M.luti.m  i>  r.-duccd,  ami 
a  drop  placed  on  liltt-r  |»ap»T  and  warm»-d  over  a  tlame  until  dry.  gives  a  bountiful 
violet);  THIOFLAVINE  T  (this  c»]»iir  is  reduced  with  dillicnlty)  CHRYSOI 
DINE,  BISMARCK  BROWN. 

B.  Not  precipitated  by  Tannin  Solution  :  Acid  colours.    Tin*  aqui-ou*  >olutiou  i>  reduced 

with  zinc  dust  and  aiiiinouia,  or /inc.  du-t  aiid  hydrochloric  m-id,  and  a  drop  of 
the  decolorised  solution  put  on  filter  papt-r.  If  the  colour  dou,  not  quickly  return 
on  exposure  to  air,  the  spot  is  touched  with  a  drop  of  chromic  acid  solution  (1  pet 
cent.  CrOjH-  5  p'-r  cent.  ILSOj),  warmed  over  a  flame,  and  then  held  in  the 
vajwmr  of  ammonia, 
(a.)  The  solution  is  decolorised. 

(a.)  The  colour  quicklv  reappears  on  exposure  to  air  ;  SULPHONATED  AZINES, 
OXAZINES,  THIAZINES,  etc.,  SOLUBLE  INDULINES,  SOLUBLE 
NIGROSINES,  RESORCIN  BLUE,  AZURINE,  THIOCARMINE,  BASLE 
BLUE  RSandBBS,  GALLAMINE  BLUE,  GALLOCYANINE,  GALL- 
ANILIC  INDIGO  P  S,  INDIGOCARMINE,  SAFROSINE,  AZOCAR 
MINE,  MIKADO  ORANGE. 

{&.)  The  original  colour  does  not  real »pear  on  exposure  to  air,  or  onlv  veiy  slowly,  hut 
returns  with  chromic  acid  ami  ex |n mure  to  ammonia  vapour.  rlhe  aqueous  solution 
of  the  dyestutf  is  acidilicd  and  shaken  with  ether. 

(a.)  Ether  extracts  more  or  less  completely  the  phthaleins  and  aurinc,  such  as 
URANINE,  CHRYSOLINE,  EO'SINE,  ERYTHRINE,  PHLOXINE, 
ERYTHROSINE,  ROSE  BENGAL,  CYCLAMINE,  AURINE,  COR- 
ALLINE.  (Of  these,  cosine,  erythrine,  ami  phloxine  contain  bromine  ;  eryth- 
rosine,  rose  bengal,  and  cyclamine  contain  iodine  ;  and  the  bromine  or  iodine 
may  be  set  free  by  the  action  of  strong  sulphuric  acid.) 

(b,)  Ether  does  not  extract  the  sulphonated  tri phenyl -methane  colours — that  is  tin- 
following:- ACID  MAGENTA,  ACID  VIOLETS,  FORMYL  VIOLETS, 
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ALKALI  BLUES,  SOLUBLE  BLUES,  ALPINE  BLUE,  PATENT  BLUE, 
FAST  GREEN-BLUISH,  ACID  GREENS,  GUINEA  GREENS,  CHROME 
VIOLET. 

(*.)  The  original  colour  does  not  appear  at  all  ;  azo,  nitro,  nitroso,  and  hydrazine  colours. 
Heated  on  platinum  foil,  nitro  colours  deflagrate  with  the  production  of  coloured 
vapours;  such  nitro  colours  are— PICRIC  ACID,  VI6TORIA  YELLOW, 
AURANTIA,  MARTIUS  YELLOW,  NAPHTHOL  YELLOW  S, 
BRILLIANT  YELLOW,  AUROTINE. 

On  the  other  hand,  azo,  nitroso,  and  hydrazine  colours  burn  quietly  or  deflagrate  slightly, 
giving  off  at  the  same  time  (like  the  nitro  colours)  coloured  vapours.  Small 
pieces  of  unmordanted  cotton  are  soaked  in  the  solution,  and  the  resulting  coloured 
cotton  submitted  to  the  action  of  warm  soap.  The  substantive  azo  colours,  such 
as  ORIEL  YELLOW,  CLAYTON  CLOTH  RED,  ALKALI  BROWN, 
ATLAS  RED,  VIOLET  BLACK,  COTTON  SCARLET,  NAPHTHY- 
LENE  RED,  HESSIAN  PURPLE,  CONGO-YELLOW,  CONGO-RED, 
BENZO-PURPURINE,  resist  the  action  of  warm  soap,  but  the  ordinary  azo 
colours  are  stripped  by  them. 

(A.)  Colour  not  decolorised  by  zinc  and  ammonia,  but  changed  to  brownish-red.  Original 
colour  returns  quickly  on  exposure  to  air— ALIZARINE  S,  ALIZARINE  BLUE 
S,  CCERULINE  S. 

(11  )  Colour  by  the  action  of  zinc  and  ammonia  slowly  and  incompletely  disappears — 
CLAYTON  YELLOW,  THIAZOL  YELLOW,  TURMERINE,  MIMOSA. 

(y.)  Colour  not  altered  by  zinc  and  ammonia  ;  very  slowly  or  not  at  all  by  zinc  and 
hydrochloric  acid— QUI  NOLI  NE  YELLOW,  PRIMULINE,  THIOFLAVINE, 
OXYPHENINE. 

Group  II.— DYESTUFFS  INSOLUBLE  IN  WATER. 

The  colouring-matter  is  treated  with  water,  and  a  few  drops  of  5  per  cent,  caustic 
soda  solution. 

(1.)  The  colour  dissolves.  The  alkaline  solution  is  heated  with  zinc  dust  and  ammonia, 
and  a  drop  is  put  on  filter  paper.    The  colour  fades  or  is  changed  to  light  brown. 

(a.)  Original  colour  reappears  guickly  on  exposure  to  air— CCERULINE,  GALLEINE, 
GALLOCYAN) N E,  GALLANILIC  VIOLET  BS,  GALLANILIC  BLUE  P, 
GALLOFLAVINE,  ALIZARINE,  BLUE,  ALIZARINE  BLACK,  ALIZ- 
ARINE, CYANINE,  ALIZARINE-CYANINE  BLACK,  RUFIGALLOL. 

(b.)  Original  colour  does  not  reappear  on  exposure  to  air — ALIZARINE,  ANTHRA- 
PURPURINE,  FLAVOPURPURfNE,  ALIZARINE  ORANGE,  ALIZ- 
ARINE BROWN,  ALIZARINE  BORDEAUX,  ALIZARINE  YELLOW  G 
G  &  R,  CHRYSANINE,  SUDAN  BROWN,  PATENT  FUSTIN,  MYRTLE 
or  RUSSIAN  GREEN,  GAMBINE  R  and  Y  DIOXINE. 

(2. )  The  colour  remains  insoluble. 

(A)  Soluble  in  70  per  cent,  alcohol. 

(a.)  Solution  not  fluorescent  On  adding  caustic  soda  (33  per  cent.)  to  the  alcoholic 
solution-INDULINE  OPAL,  NIGROSINE  OPAL,  ROSANILINE  BLUE 
OPAL,  and  DIPHENYLAMINE  BLUE  OPAL  change  to  reddish-brown ; 
while  INDOPHENOL,  SUDAN  II  and  III,  and  CARMINAPHTH  are  not 
altered. 

(/}.)  Solution  fluorescent.  On  adding  caustic  soda  as  above,  Magdala  red  fluorescence  is 
destroyed  ;  while  the  fluorescence  of  the  spirit  eosine  and  cyanosine  is  unaltered. 

(B)  Insoluble  in  70  per  cent,  alcohol. 
INDIGO,  ANILINE  BLACK,  PRIMULINE  BASE. 

§  64a.  Otto  Witt  and  E.  Weingartner  classify  aniline  colours  as 
follows: — 

I.  Soluble  in  water. 

(a.)  Basic  colours. 
(b.)  Acid  colours. 
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IL  Insoluble  in  water. 

To  isolate  the  basic  soluble  colours,  the  aqueous  solution  is  alkalised  by  baryta,  soda,  or 
potash,  and  the  colouring- matter  extracted  by  shaking  out  with  acetic  ether.  The 
acid  soluble  colours  are  testes  1  fur,  as  follows  :— To  tho  aqueous  solution  is  added 
an  excess  of  calcined  magnesia,  and  then  a  solution  of  mercuric  acetate  (20  per 
cent  strength),  the  whole  boiled  and  filtered  ;  the  filtrate  is  cither  coloured  or 
colourless,  should  tho  filtrate  l>e  colourless,  if  an  arid  aniline  colour  l>e  present, 
acidification  with  acetic  acid  will  reproduce  the  colour. 

The  aniline  dyes  insoluble  in  water  are  dissolved  either  in  soda  solution  or  in  alcohol. 
The  chief  basic  colours  in  presence  of  baryta  water  dissolve  in  acetic  ether  ;  they 
are  equally  soluble  in  ammouiocal  amylic  alcohol,  which  they  for  the  most  part 
colour  ;  but  if  not,  the  colour  is  reproduced  by  adding  to  the  amyl  solution  acetic 
acid.   They  are  also  preci  pit  able  by  tannin. 

These  remarks  apply  to  the  following : — 

RED  COLOURS.— FUCHSINE,  TOLUYLENE  RED,  SAFRANINE. 

YELLOW  AND  ORANGE  COLOURS. -PHOSPH I NE,  FLAVANILINE,  AURA- 
MINE,  CHRYSOIDINE,  VESUVINE. 

GREENS. -VICTORIA  GREEN,  MALACHITE  GREEN,  METHYL  GREEN, 
METHYLENE  GREEN. 

BLUES.— METHYLENE  BLUE,  VICTORIA  BLUE. 

VIOLETS.— METHYL  VIOLET,  HOFMANN'S  VIOLET,  MAUVEINE. 

The  acid  aniline  colours  are  not  precipitated  by  tannin  ;  they  arc  insoluble  or  but 
slightly  soluble  in  acetic  ether  in  the  presence  of  baryta  water,  and  in  any  case 
the  addition  of  acetic  acid  does  not  increase  the  tint.  They  are  also  insoluble  or 
but  little  soluble  in  amylic  alcohol.    The  chief  of  these  colours  are :  — 

REDS. — Eosine,  eosine  scarlet,  phloxine,  Bengal  red,  BiebrichV  scarlet,  eroceine,  Congo 
red,  cocci  nine,  ponceau  from  xylidine,  ponceau  K,  *JR,  3K,  r«K?celline  (R  solid), 
Bordeaux  B,  acid  fuchsinc,  coralline,  aurine,  bnizo-purnurine  (B)  4  H,  delta- 

inirpurine  5  B,  Congocorinth,  Congo-c»»rinth  B,  crythmsuie,  ponceau  S,  purple 
S,  hcliotro]H.f,  rosazuriue  fi  and  B,  iuduliue,  nigrosine. 

YELLOW  AND  ORANfiE. — Fluoreserine,  bmzil  lluoreseeine,  picric  acid,  Martins 
yellow,  nuphthol  S  yellow,  auruntia,  chrysainine  (J  and  R  (this  colour  is  not  very 
soluble  in  cold  water),  chrysophcuiue,  tropa4oline  (.),  trop«eolinc  O  O,  methyl 
orange  (tropieoline  I)),  orange  I,  orange  II.  orange  III  (ethyl  orange),  Poirier's 
yellow,  metaniline  yellow,  luteoline,  eilronine,  orange  (1)  R  T  3,'JliH;,  chrysoine, 
mandarine,  tartrazine,  alizarine  S. 

VIOLETS. — Acid  violet,  nitro- violet,  heliotrope,  iuduliue,  and  nigrosine. 

BLUE. — Alkaline,  blue,  soluble  blue,  bmzo-a/urinc  O  and  R,  nitro-blue,  alizarine  blue 
S,  indigo-carmine,  soluble  indulines. 

GREENS. —Helvetia  green. 

§  646.  Stein's  method  of  procedure  to  detect  colours  ^cner.illy  is  as 
follows : — 

RED  COLOURS. 

A.  Hkat  with  Ammonium  Suli-hidk.  -  A  greenish  or  bluish  cob mr,  which,  by  the  action 

of  baryta  water,  is  changed  into  green—  ALOES  PURPLE.  If"  the  liquid 
becomes  purple,  ARCHIL  is  also  present. 

B.  Boil  with  a  Solution  ok  Aluminium  Sulmiatk. 

a.  The  liquid  is  coloured  red,  with  a  beetle-green  reflection  — MADDER.    (<  on  firm  by 

spectroscope.) 

b.  The  liquid  becomes  red,  but  there  is  no  reflection.    Add  an  equal  volume  of  sodium 

sulphite. 

(1.)  //  is  hhachd. 

rrcsenco  of  BRAZIL-WOOD,  SANTAL,  MAGENTA,  CORALLINE,  SAF- 
RANIN. 

C.  Boil  with  Alcohol  of  80  per  cent. 
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a.  The  liquid  colours  distinctly.      If  bluish-red,   MAGENTA;  if  yellowish-red, 

SANTALIN. 

b.  Liquid  colours  very  little,  or  not  at  all— BRAZIL-WOOD,  CORALLINE,  SAF- 

FLOWER. 

(1.)  Heat  with  lime  water.  No  colour— SAFFLOWER.  Red  colour— BRAZIL- 
WOOD, CORALLINE. 

(2.)  Heat  with  dilute  sulphuric  acid.  Orange  colour— BRAZIL-WOOD.  Yellow 
turning  to  grey  on  addition  of  copper  chloride — CORALLINE.  (Confirm  by 
spectroscope.) 

(2.)  It  is  not  bleacJied. 

COCHINEAL  LAC-DYE,  LAC-DYE,  KERMES,  ARCHIL. 

(a.)  Boil  with  alcohol ;  liquid  becomes  red— ARCHIL.  If  it  only  faintly  colours,  or  at 
least  if  the  colour  is  not  decided,  it  may  be  COCHINEAL,  LAC-DYE, 
KERMES. 

(b.)  Heat  with  baryta  water:  no  change— LAC-DYE ;  the  liquid  becomes  red — 
COCHINEAL,  KERMES. 

(c.)  Heat  with  lime  water :  a  red  colour—  KERMES ;  a  violet  colour— COCHIN EAL. 

YELLOWS. 

Heat  with  a  dilute  solution  of  neutral  ferric  chloride. 

N.B.  —This  test  must  be  applied  when  the  colouring-matter  is  serrated  in  a  fairly 
pure  state. 

A.  Colour  but  little  altered— ANN ATTO,  TURMERIC,  ANILINE  YELLOW, 

PICRIC  ACID,  NAPHTHALINE  YELLOW.  Teat  with  a  drop  of  con- 
centrated sulphuric  acid :  a  blue  or  green  colour  is  produced — ANN  ATTO.  If 
the  spot  Incomes  at  once,  or  after  a  little  time,  more  or  less  brown  or  red,  then 
add  alcohol,  with  a  few  drops  of  hydrochloric  acid  and  some  boric  acid. 

(a.)  Liquid  becomes  of  an  intense  pink  colour,  and  on  diluting  with  water  there  is  a 
reddish-yellow  colour— TURMERIC. 

(6.)  Pale  pink  colour,  on  dilution  with  water,  crimson — ANILINE  YELLOW. 

(r.)  There  is  no  change  of  colour  on  the  addition  of  hydrochloric  acid,  etc.  Heat  with 
ammoniacai  copper  solution,  bluish-green ;  confirm  the  presence  of  picric  acid  by 
the  cyanide  of  potassium  test,  a  blood-red  colour — PICRIC  ACID;  the  colour 
becomes  an  olive  green— NAPHTHALINE  YELLOW. 

B.  Various  shades  of  colour  from  green  to  almost  black — MADDER  YELLOW, 

FUSTIC,  FUSTET,  QUERCITRON,  FLAVIN,  BERRIES,  WELD.  Boil 
with  aluminium  sulphate,  with  the  addition  of  an  equal  volume  of  water  ;  liquid 
becomes  yellow,  with  a  red  reflection — MADDER  YELLOW,  with  tin.  Yellow 
with  a  bluish-green  reflection — FUSTIC.  Liquid  yellow  without  reflection. 
Heat  with  baryta  water,  a  red  colour — FUSTET.  The  colour  is  only  darkened. 
Boil  with  glacial  acetic  acid.  On  cooling,  if  the  liquid  is  yellow,  or  greenish-yellow 
—ENGLISH  FLAVIN.  If  the  solution  is  not  at  all,  or  only  faintly,  coloured, 
boil  with  basic  lead  acetate.  Thus,  witli  regard  to  fabrics,  if  a  tissue  is  dyed  with 
WELD,  the  tissue  will  not  change  colour  ;  if  with  QUERCITRON  or  BERRIES, 
the  tissue  will  change  to  orange-brown  ;  but  articles  of  food  will  be  scarcely  coloured 
with  these  substances. 

GREEN  COLOURS. 

If  the  green  colouring-matter  is  not  soluble  in  water,  it  is  probably  chlorophyll 
unless  indeed  it  is  a  mineral  colouring  substance.  Chlorophyll  is  best  recognised  by  the 
spectroscopic  characters  of  its  alcoholic  solution  (see  p.  78).  If  not  chlorophyll  nor  a 
mineral  substance,  then 

A.  Boil  with  a  moderately  concentrated  solution  of  potassic  cyanide. 

(a.)  Colour  changes  into  brown  or  yellow — ANILINE  GREEN,  GREEN,  containing 
INDIGO-&ULPHURIC  ACID  (carmine  green). 

(b.)  Does  not  change,  or  changes  into  a  brownish-  or  yellowish-green — GREEN,  contain- 
ing INDIGO  with  or  without  CARMINE  GREEN. 
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B.  In  any  of  the  foregoing  cases  add  an  equal  volume  of  water,  and  then  a  solution  of 
aluminium  sulphate  until  an  abundant  precipitate  is  formed ;  filter  and  wash. 
(Excess  of  the  precipitant  must  be  avoided. ) 

(a.)  Filtrate  yellow  or  reddish  -ANILINE  GREEN. 

(&.)  Filtrate  blue— (1)  precipitate  colourless— CARMINE  GREEN  with  PICRIC 
ACID;  (2)  precipitate  yellow— CAR  MINE  GREEN  with  a  vegetable  yellow. 
Dissolve  the  yellowprecipitate  in  water,  add  sulphuric  acid,  and  filter:  a  green 
fluorescence— FUSTIC ;  no  fluorescence— WELD,  TURMERIC.  Test  for 
turmeric  in  the  orginal  imbstauce  by  Imiling  with  alcohol,  and  adding  boric  and 
hydrochloric  acids. 

(a.)  Filtrate  colourless,  precipitate  yellow— INDIGO. 

(6.)  Filtrate  blue ;  if  tho  precipitate  is  colourless,  PICRIC  ACID  may  be  present,  and 
should  be  tested  for  ;  if  coloured,  there  is  prolmbly  a  vegetable  colour  present. 

BLUE  COLOURS. 

Dissolve  out  the  colouring-matter  with  alcohol  of  80  per  cent.,  or  treat  the  substance 
itself  with  alcohol,  allowing  it  to  remain  in  the  liquid,  and  add  a  few  drops  of 
hydrochloric  acid :  a  red  colour — LOGWOOD.  Con  Ann  by  adding  to  an 
alcoholic  solution  ammonia  and  then  alum  ;  a  blue  or  violet  precipitate  should 
result.  If  the  liquid  does  not  dissolve  any  of  the  colour,  it  is  most  probably 
Prussian  Blue,  but  it  may  also  l>c  Indigo.  If,  on  the  other  band,  ulthough  some 
of  the  colour  is  extracted,  yet  the  substance  still  remains  blue,  it  is  probably 
ANILINE  BLUE  or  INDIGO-SULPHURIC  ACID.  Add  strong  sulphuric 
acid,  with  INDIGO-SULPHURIC  ACID,  110  change.  The  colour  changes  into 
a  yellow  or  reddish -brown  in  presence  of  ANILINE  BLUE.  On  heating  with 
sodium  carbonate  again,  INDIGO  is  not  changed,  but  PRUSSIAN  BLUE  is 
changed  into  yellow  or  brown. 

VIOLKT  AND  PURPLE  COLOURS. 
Heat  with  ammonium  sulphide. 

A.  The  tissue  is  bleached  ;  soluble  ANILINE  VIOLET,  MAGENTA,  with  INDIGO 

CARMINE.  These  two  may  be  distinguished  bv  the  action  of  boiling  alcohol : 
SOLUBLE  VIOLET  remains  vioht,  MAGENTA  becomes  nil,  the  sulwtance 
becomes  brownish -red. 

Presence  of  MAUVE,  ..r  HOFMAN'S  VIOLET.  These  mav  be  distinguished  by 
the  addition  of  hydroehlorie  acid,  which  colours  HOFFMANN'S  VIOLET 
yellow,  but  MAUVE  heroines  purple. 

B.  Tunis  olive  brown— ALKANET.    (Confirm  by  sjiectrum.) 

D.  Hardly  any  change.  IWnre  of  ARCHIL,  ARCHIL  with  INDIGO,  LOG- 
WOOD, or  MADDER. 

Boil  with  alcohol — 

a.  The  solution  is  1  rink,  and  changes  to  violet  on  the  addition  of  ammonia  ARCHIL; 

if  the  ARCHIL  is  aeeonii>anie<l  with  INDIGO,  hot  chloroform  will  colour  blue. 

b.  Solution  in  alcohol  remains  colourless.     Heat  with  dilute  hydrochloric  acid : 

LOGWOOD  is  coloured  red,  and  may  be  further  identified  by  test  already  given  ; 
if  INDIGO  is  associate  with  it,  Imt  chloroform  will  colour'hluc.  With  hydro- 
chloric acid,  madder,  if  it  is  coloured  ;it  all,  becomes  yellow. 

J.  Forniiuiek,1  has  recently  published  an  chilx>ratc  study  of  colouring- 
matters;  he  divides  the  colouring-matters  into  green,  blue,  red  and  yellow, 
and  subdivides  these  into  groups,  based  on  their  solubility  in  water,  alcohol, 
ainyl  alcohol,  and  their  chemical  reactions  when  treated  with  ammonia 
nitric  acid,  and  alcoholic  potash,  and  the  absorption  spectra  in  the  different 
menstrua.  The  visible  s[X!ctrum  is  alone  Btudied,  and  the  appearances  are 
represented  graphically  by  a  fairly  complete  scries  of  curves. 

The  accompanying  Tables  will  also  be  found  useful  in  the  identification 
of  organic  colours. 

1  Spcktralanalytischer  Nachweis  kunstlichcr  ortjanischtr  FarbstoJTe.    Berlin,  1900. 
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TABLE  I. — Effect  of  Volatile 


Name. 

The  Acid  Watery  Fluid 
is  coloured 

The  Colouring  Matter  dissolved 

Petroleum  Ether. 

Benzine. 

Aniline  red.       j  Reddish. 

Nothing. 

Only  impurities. 

Aniline  violet    1  But  little  coloured, 
!     for  the  greater  part 
separates. 

Nothing. 

Only  impurities. 

Aniline      new  ,  Violet  from  the  solu- 
violet.             i     tion  of  a  portion. 

Nothing. 

Only  traces. 

Aniline  blue 
(insoluble). 

All  separated ;  water 
colourless. 

Nothing.                 |  Traces  which,  on  ex- 
|     posure  to  air,  are 
coloured,  and  give 
a  blue  residue. 

Aniline  blue 
(soluble). 

Blue. 

Nothing.                 |  As  with  the  insoluble 
1     blue,  but  residue 
greenish-blue. 

Aniline  yellow. 

Bright  yellow. 

Is  coloured  yellow ;    As  with  petroleum 
deposits     yellow  |  ether, 
crystals  spontane-  1 
ously     and  on 
evaporation. 

Picric  acid.* 

Bright  yellow. 

Is  not  coloured,  but    As  with  petroleum 
leaves  on  evapora-  ,  ether, 
tion     a     yellow  ' 
residue. 

Styphnic  acid. 

Bright  yellow. 

As  with  picric  acid,    As  with  petroleum 
but  a  smaller  por-  |  ether, 
tion  is  dissolved.  | 

Chrysammic 
acid. 

Yellow  neutral,  solu- 
tion red. 

Nothing. 

Is  coloured  yellow; 
the  separated  ben- 
zine is  red  when 
shaken  with  caustic 
potash. 

Aniline  orange. 

Bright  yellow,  with 
greenish  flocks. 

Only  impurities. 

Is  coloured  yellow, 
and      gives  a 
brownish  -  yellow 
residue. 

Havanna  brown. 

Dark  brown. 

Only  impurities.       j  Is    coloured  blue- 
1     yellow ;  residue 
j     amorphous  brown. 

Veauvin. 

Brown. 

Only  impurities.        j  Is  coloured  yellow  ; 

j     residue  brown 
;  amorphous. 

Coralline. 

Yellow,    but   little    Only  impurities.         Only  impurities, 
dissolved.  < 
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Solyzxtc  Acting  on  Acid  Solutions. 


or  impended  In  Water  acidified  with  Sulphuric  Acid  is  extracted  by 


Ether. 

Chloroform. 

Amy]  alcohol. 

Trices  which,  when  dis- 
solved, are  colourless, 
bat,  011  evaporation,  red. 

Ab  ether. 

1  Is    coloured  rod  ;  extracts 
;     easily,  gives  a  residue. 

Is  coloured  lilac,  and 
leaves   behind  traces 
of  a  violet  residue. 

Hut  little  coloured  ;  gives 
but  small  residue. 

Extracts  faith  dissolved  and 
suspended,  iscoloured  violet , 
ana  gives  a  residue. 

As  benzine. 

As  benzine. 

As  with  aniline  violet. 

Extract*   copiously ;  is 
coloured  strongly  pale 
gold. 

As  ether. 

As  ether,  but  ;i  larger  quantity 
(  dissolved. 

Only  traces. 

Only  traces. 

As  with  the  insoluble. 

As  with  petroleum  ether,  only  in  greater  quantity. 

Is  coloured  yellow,  and  . 
gives  a  yellow  residue  | 

Ah  with  pctroli'um  ether. 

As  with  ether,  only  in  greater 
quantity. 



? 

Ah  with  i>otroli'um  ether. 

Im  dissolved  easier  than  pieric 
neid,  the  .solution  yellow. 

? 

As  with  IxMizine. 

A*  with  benzine,  only  easier 
soluble. 

!  As  benzine,   but  easier 
I  soluble. 

As  benzine 

Dissolves     easily;  solution 
greenish  -  yellow,  residue 
brownish. 

Extracts  very  little. 

Extracts  very  little. 

Dissolves  easily  ;  solution  deep 
rod- brow ii,   residue  brown 
amorphous. 

Takes  less  up  than  ben- 
zine. 1 

1 

Takes  less  up  than  ben- 
zine. 1 

1 

Dissolves  easily  ;  solution  deep 
red- brown,    residue  amor- 
phous. 

Dissolves  much  ;  residue  . 
orange. 

Solution  yellow  to  deep 
brown. 

As  ether  and  chloroform. 
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TABLE  II.— Effect  of  Volatile  Solvents 


NAME. 

The  Ammoni&cal  Solution 
Is  coloured 

The  Colouring 

Pet.ivilAiifn  TCtViAi* 
rouvicuiu  xubiicr. 

Ron  vino 

Aniline  red. 

Almost  colourless. 

Becomes  fluorescent, 
but  only  dissolves 
a  trace,  probably 
impurities. 

Is  coloured  yellow, 
strongly  fluor- 
escent; residue  red. 

Aniline  violet. 

Almost  colourless. 

As  with  aniline  red. 

As  with  aniline  red, 
only  the  residue  is 
violet. 

Aniline  new 
violet. 

Almost  colourless. 

Nothing. 

Nothing. 

Aniline  blue 
(insoluble). 

Discoloured. 

Is    coloured  red- 
brown  ;  residue 
bluish. 

As  with  petroleum 
ether. 

Aniline  blue 
(soluble). 

1 

Reddish.  Nothing. 

Only   a   little  ex- 
tracted. 

i 

Aniline  yellow.    |  Dark  brown. 

1 

1 
I 

At  first  yellow,  but 
again  separating, 
and  becoming 
colourless. 

Extracts  traces. 

Aniline  orange. 

Brown. 

Nothing. 

i 

Extracts  traces. 

Havanna  brown. 

Clear  brown  and  dis- 
coloured. 

Is  fluorescent  in  the 
green  ;  residue 
brownish. 

As  with  petroleum 
ether. 

Vesuviu. 

Clear  brown. 

Is  coloured  yellow  ; 
residue  brown. 

Is  coloured  orange ; 
residue  brown. 

Coralline.          j  Splendid  purple        j  Ouly  impurities, 
j     colour.  1 

■  i 

Only  impurities. 
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Blatter  dlMolYfed  in  Ammoniac*!  Water,  ami  extracted  by 

Ether. 

Chloroform. 

Amyl  alcohol. 

Is  coloured  bluish  ;  the  residue  as  with  benzine. 

Is  coloured  deep  red  :  the  resi- 
due blue -red. 

1 

Is  coloured  bluish  ;  tlie 
residue  violet. 

Is    coloured    a   violet  - 
blue  ;  residue  likewise 
violet. 

Is  coloured  a  deep  violet-red  ; 
residue  violet. 

Only  traces. 

Less  than  from  acid  ;  the  resi-  | 
due  the  same  as  from  acid,  j 

As  with  petroleum  ether. 

1 

More  is  dissolved,  but  other-  j 
1     wise  as  ]»etroleum  ether.  , 

!           '  ! 

i  1 

Only  a  little  extracted. 

^  Is  coloured  yellow,  and  gives  ■ 
1     a  blue  residue.  • 
1  | 

Is  coloured  yellow,  but 
little  is  extracted. 

! 

i 

As  wit.b  benzine. 

i 

;   ,  1 
Takes  up  less  than  out  of  acid  ;  1 
is  coloured  yellow,  residue  j 
!     yellow.  ! 

Is  coloured  yellow,  and  1 
leaves  a  small  yellow  | 
residue.  j 

As  with  benzine. 

'■  Extracts  less  than  from  an 
,     acid  solution. 

Extracts  less  than  with  benzine. 

Ueoomos  deep  brown,  with  a 
given  fluorescence  ;  residue 
brown. 

Is  coloured  yellow  ;  residue  less,  but  as  with  benzine.  |  Is  coloured  deep  brown  ;  resi- 
due brown. 

1 

Is  coloured  j»ale  yellow ;  1 
residue  red -brown,  is  I 
coloured    purple    by  1 
NH,.  | 

Extracts  less  than  out  of 
an  acid  fluid. 

Is  coloured  raspberry-red  ;  re- 
sidue as  from  ether. 
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§  65.]      THE  MINERAL  MATTERS  OR  '  ASH  9  OF  FOOD. 
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THE  MINERAL  MATTERS  OK  •ASH'  OF  FOOD. 
ANALYSIS  OF  THE  ASH  OF  ORGANIC  HUHOTAJfCKS. 

§  65.  As  a  general  rule,  testing  the  ash  for  abnormal  metals  and  alkaline 
earths  is  necessary,  and  more  es|>eeially  if  the  ash  present  any  unusual 
character,  whether  in  weight,  colour,  or  solubility.  Leaving  for  the 
present  the  special  tests,  the  number  and  nature  of  the  constituents  which 
require  to  be  determined  for  the  purpose  of  the  food-analyst  vary 
according  to  the  particular  substance  under  examination,  c.y. — 

In  all  substances,  the  in:rcentcujcm 

In  such  fluids  as  milk,  the  alkaline  phn^thatrn  and  the  rhhrrib'*. 
In  seeds,  such  as  wheat,  cocoa,  etc.,  the  total  phosphor ir  arid. 
In  beer-ash,  the  amount  of  cmnmun  salt. 

In  bread-ash,  the  presence  or  alwenee  of  alumina,  maynesut,  and 
proportion  of  silica  to  alumina. 

In  tea-ash,  the  alkalinity,  the  iron,  the  silica,  and  proportion  of  soluble 
to  insalulde  ash. 

In  coffee-ash,  likewise  the  proportion  of  soluble  to  insoluble  ash,  but 
the  presence  or  absence  of  silica  becomes  also  of  importance. 

From  these  illustrations  (which  might  be  multiplied)  it  follows  that, 
for  the  purposes  of  the  food-analyst,  t ho  general  constitution  of  the  ash 
will  be  sufficiently  known  when  the  following  determinations  have  been 
made : — 

(1.)  The  total  percentage  of  ash. 

(2.)  The  total  percentage  of  ash  soluble  in  water. 

(X)  The  total  percentage  of  ash  soluble  in  acid 

(4.)  The  alkalinity  of  the  ash. 

(5.)  The  percentage  of  chlorine. 

(G.)  The  percentage  of  phosphoric  acid. 

(1.)  Thr  Total  Per**nitatjc  of  Ash. — Of  the  various  methods  of  estimating 
an  ash,  the  simplest  and  most  practical  appeal's  to  be—  to  place  a  sufficient 
quantity  of  the  substance  to  be  burnt  in  a  capacious  platinum  or  porcelain 
dish,  and  to  consume  at  the  lowest  jKissihle  temperature  in  a  mullle  or  by 
heating  with  a  ring  burner.1  The  quantity  to  be  taken  is  regulated  by 
the  amount  of  ash  in  the  substances.  For  example,  flour,  containing  only 
*7  per  cent,  of  ash,  would  give  with  oO  grins.  '35  ash,  which  is  about  as 
small  a  quantity  as  it  is  possible  to  work  with  conveniently,  whilst  in  the 
ease  of  eoflee,  tea,  and  cocoa,  from  5  to  20  grins,  is  for  most  purposes 
ample. 

(2.)  The  Soluble  Ash. — The  ash  is  boiled  up  two  or  three  times  with 
water  in  the  same  platinum  dish  ;  filtered,  and  the  iiltratc  evaporated  to 
dryness,  heated  to  dull  redness,  and  weighed. 

(3.)  The  Ash  Soluble  in  Aril. — The  portion  of  ash  insoluble  in  water 
is  boiled  up  with  1IC1,  and  filtered  from  the  sand;  the  latter  is  washed, 
dried,  and  weighed. 

1  If  the  sulphuric  acid  in  tin*  ash  is  not  t<>  be  determined,  a  wide  glass  tuho  (such  as 
the  chimney  of  a  common  jMirallin  lump)  adjusted  over  the  dish,  by  its  powerful  up- 
draught  greatly  exj>editcs  the  oj>e  rat  ion  ;  but  if  the  sulphuric  acid  in  to  bo  determined, 
the  impure  gas  of  commerce  renders  the  results  too  high.  It  is,  however,  of  course  open 
to  the  analyst  to  make  the  gas  pass  through  a  proper  absorption-apparatus,  or  to  use  as 
a  fuel,  alcohol. 
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(4.)  The  Alkalinity  of  the  Ash. — The  solution  in  water  from  (2)  is 
coloured  with  cochineal,  and  titrated  with  d.  n.  acid :  the  result  may  be 
usually  expressed  as  potash. 

(5.)  The  Percentage  of  Chlorine. — The  determination  of  chlorine  in 
the  ash  usually  gives  results  too  low,  especially  if  the  substance  burnt  is 
one,  like  bread,  of  difficult  combustion,  or  containing  substances  which 
decompose  chlorides  at  a  red  heat.  Notwithstanding  this  defect,  in  a  series 
of  ashes  burnt  under  similar  circumstances,  the  amount  of  chlorine  found 
gives  fair  comparative  results.  Should  there  be  any  special  necessity  for 
an  accurate  determination  of  chlorine,  no  volatilisation  will  occur  in  the 
combustion  of  most  articles  of  food,  if  they  are  simply  well  carbonised  and 
not  burnt  to  a  complete  ash,  and  if  the  charcoal  be  finely  powdered  and 
extracted  with  plenty  of  boiling  water.  The  chlorine  may  be  determined 
gravimetrically  by  nitrate  of  silver,  or  more  conveniently  by  a  standard 
solution  of  nitrate  of  silver,  using  as  an  indicator  neutral  chromate  of 
potash.  Should  alkaline  phosphates  be  present,  they  must  be  first  removed 
by  baryta  water.1 

(6.)  The  Pho»pluyric  Acid. — The  usual  method  of  determining  phos- 
phoric acid  is  to  dissolve  the  ash  in  hydrochloric  acid,  evaporate  to  dryness, 
remove  the  silica,  mix  the  acid  filtrate  with  ammonia  in  excess,  redissolve 
the  precipitated  earthy  phosphates  by  acetic  acid,  filter  off  and  estimate 
the  insoluble  phosphate  of  iron  (and  alumina,  if  present),  precipitate  the 
lime  with  oxalate  of  ammonia,  and  then  in  the  fluid  (free  from  lime  and 
iron)  precipitate  the  phosphoric  acid,  by  the  addition  of  ammonia  and 
magnesia  mixture. 

§  66.  General  Method  of  Determining  all  the  Constituents  of  an  Ash. — 
The  best  method  of  determining  all  the  comtitnents  of  an  ordinary  ash  is 
perhaps  as  follows : — A  sufficient  quantity  of  the  ash  (from  5  to  10  grms.) 
is  placed  in  a  flask,  about  25  c.c.  of  water  added,  and  saturated  with  C02 ; 
the  liquid  is  now  evaporated  to  dryness,  heated  with  a  small  quantity  of 
water  to  dissolve  the  alkaline  salts — the  solution  is  filtered  through  a 
small  weighed  filter,  the  filtrate  evaporated  to  dryness,  the  saline  residue 
treated  with  a  small  quantity  of  water,  and  the  calcium  sulphate  which 
separates  out  filtered  through  a  weighed  filter,  and  estimated ;  the  filtrate 
from  this  is  put  in  a  tared  flask,  made  up  to  any  convenient  weight,  and 
divided  into  five  portions  by  weight ,  viz.: — 

(1.)  For  COg. — This  is  most  accurately  determined  by  the  use  of  the 
following  little  apparatus : — The  solution  is  placed  in  a  flask  A,  and  sufficient 
acid  is  put  into  the  short  test-tube  T,  to  more  than  neutralise  the  carbonate. 
A  stout  glass  rod  is  passed  through  the  doubly  perforated  caoutchouc  cork, 
and  supports  the  little  tube  in  position.  The  carbonate  solution  is  now 
boiled  until  steam  hisses  out  of  the  tube  G  (which  it  is  convenient  to 
furnish  with  a  Bunsen's  valve  2).  6  is  then  placed  under  the  mouth  of  a 
graduated  measuring  tube  filled  with  mercury,  and  it  is  at  once  seen 
whether  all  the  air  is  expelled.  The  flame  is  withdrawn  for  a  second, 
and  the  glass  rod,  which  moves  quite  air-tight,  is  pulled  a  little  up,  so  as  to 
allow  the  acid  tube  to  fall  down  and  empty  its  contents  into  the  alkaline 

1  Chlorine  may  also  be  estimated  conveniently  in  the  acid  solution  of  an  ash  by 
Volhard's  method,  described  in  the  article  on  "Water  Analysis"  (post). 

2  Bunsen's  valve  is  made  as  follows  :  Take  a  piece  of  rather  thick-walled  india-rubber 
tubing,  say,  three  inches  in  length  ;  work  it,  by  the  aid  of  a  little  spirit,  on  to  any 
wooden  rod  which  is  of  sufficient  size  to  stretch  it  well ;  then  with  a  sharp  chisel,  by  a 
single  blow,  cut  a  longitudinal  slit ;  if  well  made,  it  allows  air  to  go  one  way  with  the 
greatest  ease,  but  effectually  prevents  a  return. 
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fluid.  The  flame  is  again  placed  under  the  flask,  and  the  CO.,  l>oiled  out 
into  the  measuring  apparatus,  and  measured  in  the  ordinary  way.  Those 
who  are  not  provided  with  gas  apparatus  will  find  it  convenient  to  jacket 
their  eudiometer  with  a  tul>e  open  at  t>oth  ends.  The  lower  end  is  closed 
by  the  mercury  in  the  bath  ;  the  upper 
ib  placed  under  a  water-tup,  and  a 
syphon  is  adjusted  so  as  to  prevent 
overflow.  In  this  way  the  gas  is 
rapidly  cooled,  and  the  whole  deter- 
mination, from  6rst  to  last,  need  not 
take  more  than  a  quarter  of  an  hour.1 
Instead  of  boiling  the  solution  in  this 
way,  those  who  possess  the  mercury 

faimp  described  and  figured  at  page  f>3 
fig.  6),  will  find  it  more  convenient  to 
make  the  flask  vacuous,  then  upset  the 
acid,  and  collect  the  gases  expelled. 

(2.)  For  the  sulphuric  acid,  deter-  Km,  jp. 

mined  by  chloride  of  barium. 

(3.)  For  the  phosphoric  acid,  determined  as  magnesian  pyrophosphate. 
(4.)  For  the  chlorine,  by  precipitation  as  silver  chloride. 
(5.)  For  the  alkalies,  by  boiling  in  a  platinum  dish  with  slight  excess  of 
baryta  water,  filtering,  getting  rid  of  the  excess  of  baryta  by  ammonia  and 
ammonium  carbonate,  evaporating  the  filtrate  to  dryness,  converting  the 
alkalies  into  chlorides,  anil  determining  their  relative  proportion  from  their 
total  weight  and  their  content  in  chlorine.  This  completes  the  analysis  of 
the  soluble  portion  of  the  ash. 

The  insoluble  will  contain  lime,  magnesia,  ferric  oxide,  alumina  if  present, 
Bilica,  phosphoric,  sulphuric,  and  carbonic  acids. 

The  main  portion  of  the  insoluble  ash  is  dissolved  in  nitric  acid,  freed 
from  silica  in  the  usual  way,  evaporated  again  to  dryness  in  a  porcelain 
basin,  dilute  nitric  acid  added  until  the  bases  are  completely  dissolved,  and 
strong  fuming  nitric  acid  added,  until  the  solution  begins  to  be  turbid  from 
the  separation  of  calcic  nit  rate.  The  turbidity  is  now  destroyed  by  a  few 
drops  of  dilute  nitric  acid,  the  solution  warmed,  and  tinfoil  added  in  small 
portions  at  a  time,  in  weight  about  equal  to  the  amount  of  ash  taken. 
When  the  tin  is  fully  oxidised,  the  solution  is  evaporated  nearly  to  dryness, 
water  is  added,  and  the  solution  filtered  ;  the  phosphoric  acid  is  retained 
in  the  precipitate — the  bases  are  all  in  the  filtrate.  The  precipitate  is 
dissolved  in  strong  potash  solution,  acidified  with  sulphuric  acid,  and  freed 
from  tin  by  hydric  sulphide,  concentrated  to  a  small  bulk,  filtered  if  any 
further  sulphide  of  tin  separates,  and  the  phosphoric  acid  determined  by 
magnesia  mixture  and  ammonia.* 

The  filtrate  from  the  tin  phosphate  must  be  f recti  from  lead  (if  the 

1  Much  ingenuity  has  been  expended  on  the  estimation  of  carbon  dioxide,  and  tht: 
old  method  of  estimating  in  light  glass  apparatus,  by  the  loss  of  weight,  is  quite  forsaken. 
The  method  given  in  the  former  rdition  of  this  work  was  to  absorb  the  COa  in  a  clear 
solution  of  ammoniacal  calcium  chloride,  collect  the  precipitated  calcium  carbonate,  and 
titrate  it  with  d.  n.  acid,  using  as  an  indicator  cochineal.  Another  method  which  has 
been  proposed,  is  to  make  a  combustion  of  the  substance  with  potassic  bichromate,  and 
absorb  the  C0a  in  the  usual  way  in  }>otash  bulbs.  A  third,  is  to  let  the  acid  drop  from  a 
separating  funnel  on  to  the  carbonates,  and  absorb  the  C03  as  in  the  last,  an  aspirator 
and  drying  tubes  being  used.   (Annalcn  dcr  Chcmic,  clxxvi.,  130-144.) 

2  T/horpe's  "  Quantitative  Analysis."   Lond.,  1877. 
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tin  originally  contained  lead)  by  hydric  sulphide,  concentrated,  the  iron 
and  alumina  separated  and  determined  by  ammonia,  the  manganese 
separated  as  binoxide  by  bromine-water,  the  lime  by  oxalate  of  ammonia 
as  oxalate,  and  the  magnesia  determined  in  the  usual  way  as  pyro- 
phosphate. 

A  weighed  portion  of  the  insoluble  ash  must  also  be  taken  for  the 
carbon  dioxide,  sulphuric  acid,  and  sand.  The  carbon  dioxide  is  determined 
in  the  manner  already  described. 

The  process  just  given  is  not  quite  accurate  with  regard  to  the  estimation 
of  the  alkalies  ;  for  Bunge 1  has  shown  that  since  the  alkalies  form  insoluble 
compounds  with  the  alkaline  earths,  a  watery  extract  of  the  ash  gives  low 
results.  For  example,  Bunge  incinerated  300  c.c.  of  cow's  milk ;  from  a 
watery  extract  of  the  ash  he  obtained 

K,0  -5436,  Na20  -0700; 

while  from  a  subsequent  nitric  acid  extract  of  the  same  ash, 

K20  -0937,  Na20  0*1162. 

If  chlorides  of  the  alkalies  be  heated  with  tribasic  phosphate  of 
lime,  the  soda  is  specially  likely  to  combine  with  the  lime  in  insoluble 
combination — in  far  less  proportion  the  potash. 

Bunge  recommends  the  following  method : — The  watery  extract  is 
decomposed  with  baryta  water  until  a  film  forms  on  the  surface  of  the 
solution,  the  mixture  is  warmed  and  filtered  hot.  The  excess  of  baryta 
is  got  rid  of  by  C02,  subsequent  warming,  and  nitration ;  the  nitrate  is 
evaporated  in  a  platinum  dish,  the  residue  gently  ignited,  dissolved  in  a 
little  water,  filtered  through  a  small  filter,  and  evaporated  with  HC1  in  a 
small  platinum  dish.  The  chlorides  are  then  ignited,  weighed,  and 
separated  by  platinum  chloride. 

The  hydrochloric  or  nitric  solution  of  the  insoluble  portion  of  the  ash  is 
evaporated  to  dryness  in  a  platinum  dish,  the  residue  again  dissolved  in  a 
little  of  the  acid  and  water,  treated  like  the  former  with  baryta  water,  and 
filtered  hot.  Ammonia  and  carbonate  of  ammonia  are  now  added,  the 
liquid  filtered,  and  the  filtrate  evaporated  in  a  platinum  dish,  and  ignited 
at  the  lowest  possible  temperature.  The  residue  still  containing  a  trace  of 
alkaline  earth,  is  extracted  with  water,  evaporated  with  oxalic  acid,  ignited 
again,  taken  up  with  water,  filtered,  evaporated  in  a  small  platinum  dish, 
ignited  again,  dissolved  in  a  little  water,  and  lastly,  evaporated  with  HC1, 
«nd  the  alkaline  salts  separated  by  bichloride  of  platinum. 

Since  a  determination  of  the  ash  only  gives  those  mineral  substances 
which  are  fixed  in  the  fire,  and  destroys  nitrates,  and  changes  oxalates, 
-citrates,  and  tartrates  into  carbonates,  while  other  constituents,  under  the 
influence  of  heat,  undergo  a  new  arrangement,  it  becomes  a  questiou 
whether  the  ingenious  method  recommended  by  E.  Laugier  2  in  the  analysis 
of  sugar,  would  not  be  applicable  in  several  cases. 

M.  Laugier  takes  two  portions  of  sugar,  one  for  the  ash,  the  other  for 
the  organic  acids,  the  latter  being  exactly  double  the  quantity  of  the 
former.  To  the  larger  quantity  of  the  sample,  dilute  sulphuric  acid  is 
added  drop  by  drop  to  set  free  the  organic  acids ;  the  acidified  sugar  is 
.mixed  with  pumice  stone  and  exhausted  with  ether ;  half  of  the  ethereal 

1  Liebig's  AnncUen  der  Chemu  u.  Pharmaciet  April  16,  1874. 

2  CompL  rend.,  lxxxvii.,  1088-1090. 
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solution  is  added  to  the  ash  obtained  from  the  smaller  portion,  and 
evaporated  down  upon  it  and  weighed,  liy  this  means  M.  Laugier  thinks 
that  he  reconstructs  the  original  salts  in  the  sugar.  This,  however, 
cannot  be  entirely  true.  The  other  half  of  the  ether  solution  is  titrated 
with  an  alkali. 


METHODS  OF  ESTIMATING  XITKOOKX  AND  NITROGENOUS 
SUBSTANCES  IN  FOODS. 

§  66a.  A  complete  analysis  of  foods,  especially  with  the  view  of  ascer- 
taining their  dietetic  value,  necessitates  the  following  determinations  : — 

1.  Total  nitrogen. 

2.  Nitrogen  as  all mmon. 

3.  Nitrogen  as  acid -ami  lies. 

4.  Nitrogen  as  amido  acids, 

5.  Nitrogen  as  nitrates  and  nitrites. 

Total  Nitrvyen. — The  method  of  burning  organic  substances  with 
copper  oxide  and  copper,  so  as  to  obtain  all  the  nitrogen  as  a  gas,  and 
also  the  other  well-known  method,  by  which  the  substance  is  mixed  with 
soda  lime  and  burned,  so  as  to  decompose  the  nitrogenous  substances 
into  ammonia,  are  both  too  well  known  to  be  farther  described.  At  tin* 
present  time,  nitrogen  is  most  frequently  determined  by  Kjeldahl's 
process,  as  modified  by  (running,  Arnold,  and  other*.  From  0r>  gnu.  to 
2  grms.  (according  to  richness  in  nitrogen),  of  the  substance  is  introduced 
into  a  flask  of  hard  Jena  glass,  and  treated  with  '20  c.c.  of  strong  sulphuric 
acid,  at  the  same  time  adding  a  small  globule  of  mercury  ;  the  llask  is 
closed  by  a  balloon  stopper,  and  heated  over  a  gas  llame  very  gradually ; 
after  frothing  lias  ceased,  the  heat  is  increased  to  brisk  boiling,  and  after 
a  short  time  10  grins,  of  potassium  hisulphatu  are  added.  On  again  boiling, 
the  liquid  gradually  becomes  clear  and  colourless.  The  contents  of  the 
flask  are  cooled,  washed  into  a  spacious  distilling  flask,  provided  with  a 
doubly  perforated  cork,  through  the  one  hole  of  which  passes  a  thistle 
funnel  provided  with  stofx'ock,  while  the  other  carries  a  tube  connected 
with  a  condensing  apparatus ;  through  the  funnel  is  poured  a  suflieicnt 
quantity  of  a  solution  of  sodium  hydrate  (containing  a  little  sodium  sul- 
phide), to  more  than  neutralise  the  acid.  To  prevent  bumping,  a  little 
zino  foil  should  be  added.  The  ammonia  is  now  distilled  over  into  a 
known  quantity  of  d.  n.  sulphuric  acid,  the  loss  of  acidity  being  finally 
determined  in  the  usual  way  and  expressed  as  nitrogen.  To  avoid  the 
error  from  the  soda  solution  being  carried  over,  Dr.  licmard  Dyer  uses,  as 
a  communication  between  the  distilling  and  the  receiving  flask,  a  block 
tin  tube  bent  in  the  form  of  an  arch;  this  rises  to  a  height  of  18  inches 
before  turning  over ;  the  other  end  of  the  tube  is  united  by  a  cork  t*>  a 
pear-shaped  adaptor  having  a  large  expansion,  which  dips  into  an  Krlcn- 
meyer  flask  containing  the  acid.  If  nitrates  are  present,  the  sulphuric 
acid  used  for  oxidation  is  charged  with  about  2  per  cent,  of  salicylic  acid. 
While  the  contents  of  the  flask  are  still  cold,  some  zinc  dust  (1-4J  grms.), 
as  well  as  the  globule  of  mercury  before  mentioned,  is  added,  and  the 
zinc  is  allowed  to  dissolve  before  heating.1 

1  Dyer,  Journ.  Chcm,  6V.  Trans. ,  ls0.r»,  811. 
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Besides  the  above,  there  are  other  modifications,  e.g.,  Arnold  and 
Wedemeyer 1  oxidise  0*5  grm.  of  the  substance  by  means  of  30-50  grms. 
sulphuric  acid,  15-30  grms.  potassium  sulphate,  1  grm.  mercuric  oxide,  and 
1  grm.  copper  sulphate.  With  small  quantities  of  ammonia  the  iodometric 
titration  described  in  the  chapter  on  '  Water/  post,  has  some  advantages. 

Estimation  of  the  Nitrogen  from  Albumen. — The  method  of  Stutzer  is 
probably  the  best.  From  1  to  2  grms.  of  the  finely  divided  substance  are 
boiled  for  a  few  minutes  with  100  c.c.  of  water,  or,  if  the  substance  con- 
tains much  starch,  it  is  simply  digested  on  the  water  bath  for  from  ten 
to  fifteen  minutes,  then  from  0'3  to  0*4  grm.  of  moist  hydrate  of  copper 
is  added,  and,  after  cooling,  the  liquid  is  filtered  through  Swedish  filter 
paper,  the  filter  washed  with  water,  and  the  residue  with  the  filter 
submitted  to  Kjeldahl's  process.  The  ammonia  thus  obtained  is  considered 
to  be  derived  from  albumen  only,  and  the  difference  between  the  total 
nitrogen  and  that  from  Stutzer's  process  gives  non-albuminoid  nitrogen, 
which  is  sufficient  for  most  purposes.  Should  the  substance  contain 
difficultly  soluble  alkaloids,  it  is  first  treated  with  absolute  alcohol,  acidified 
with  acetic  acid  and  heated  to  boiling,  the  alcohol  decanted  off  as  far  as 
possible,  and  the  residue  washed  with  a  little  warm  alcohol;  then  the 
substance  is  treated  as  before  with  water  and  copper  hydrate. 

Estimation  of  Non-Albuminoid  Nitrogen, — 10  grms.  of  the  substance 
are  boiled  with  about  300  c.c.  of  weak  alcohol  (40  per  cent.),  acidified  with 
a  few  drops  of  acetic  acid,  the  flask  being  connected  with  an  upright 
condenser.  The  boiling  should  continue  for  about  one  and  a  half  to  two 
hours ;  the  liquid  is  then  cooled,  filtered,  and  made  up  to  a  definite  bulk, 
of  which  aliquot  parts  are  taken  for  the  following  determinations : — 

1.  Estimation  of  Ammonia, — One-third  of  the  fluid  extract  is  evapor- 
ated down  to  50  c.c,  cooled,  some  recently  calcined  magnesia  added,  placed 
in  a  small  flask  attached  to  a  tube  loosely  packed  with  glass  wool, 
moistened  with  10  c.c.  of  normal  hydrochloric  acid,  and  the  air  evacuated 
by  a  mercury  or  a  good  water  pump,  and  after  a  vacuum  has  been 
obtained,  a  clip  is  put  on  the  india-rubber  tube  connecting  the 
apparatus  with  the  pump,  and  the  apparatus  put  on  one  side  for  three 
days.  By  the  end  of  that  time  it  is  to  be  presumed  that  any  ammonia  in 
the  apparatus  will  have  evaporated  and  have  been  condensed  in  the  glass 
wool  moistened  with  hydrochloric  acid;  the  glass  wool  tube  is  now 
disconnected,  and  the  wool  washed  with  a  little  distilled  water,  the  acid 
water  is  evaporated  to  dryness  on  the  water  bath,  and  the  ammonium 
chloride  determined  by  the  well-known  method  of  precipitation  with 
platinum  chloride. 

2.  Estimation  of  Amido-acid  Amide  Nitrogen. — Another  third  of  the 
extract  is  boiled  with  dilute  hydrochloric  acid  (7  to  8  c.c.  of  strong  acid 
added  to  every  100  c.c.  of  liquid  extract)  for  from  one  and  a  half  to  two 
hours.  At  the  end  of  that  time  the  liquid  is  cooled  and  treated  with 
hypobromide  of  soda  in  a  nitrometer,  and  the  resulting  gas  measured. 

The  difference  between  the  nitrogen  found  by  the  first  process  and 
that  by  the  second  process  equals  the  nitrogen  as  amido-acid  amide. 

3.  Estimation  of  Amido-acid  Nitrogen. — Another  portion  of  the  liquid 
extract  is  also  boiled  with  hydrochloric  acid,  and  then  cooled  and  subjected 
in  a  suitable  apparatus  to  the  action  of  sodic  nitrite.  The  resulting  gas 
is  submitted  in  a  Hempel's  burette  to  strong  alkaline  permanganate,  which 

i  Arnold  and  Wedemeyer,  Zeit.  anal.  Chem*,  mi.,  525.  See  also  Henri  £.  Causae, 
J.  Pharm.,  1895  [6],  I.,  548. 
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abeorbe  both  NO  and  COv  and  leaves,  if  the  operation  has  been  properly 
conducted,  only  nitrogen ;  the  gas  is  measured  in  the  usual  way. 

Sinoe  nitrite  evolves  nitrogen  from  both  amido-acid  amides  and  acid 
amides,  the  nitrogen  of  2  must  be  subtracted  from  the  nitrogen  evolved 
in  3. 

By  the  processes  described,  the  following  are  estimated : — 

1.  Ammonia. 

2.  Nitrogen  of  amido-aoid  amides  from  difference  between  Nob.  1  and  2. 

3.  The  nitrogen  from  amido-aoids  from  the  difference  between  No*.  2  and  8. 
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PART  III.— CARBO-HYDRATES. 


STARCHY  AND  SACCHARINE  SUBSTANCES. 

§  67.  The  carbo-hydrates  are  divided  into  three  great  groups,  viz.,  that 
of  grape  sugar,  that  of  the  saccharoses,  and  that  of  cellulose.  They  mostly 
contain  6,  or  a  multiple  of  6,  atoms  of  carbon ;  and  hydrogen  and  oxygen 
in  the  proportion  of  2  :  1 — that  is,  in  the  same  proportion  as  the  con- 
stituents of  water.  Recently,  however,  sugars  have  been  synthetically 
formed  containing  3,  4,  5,  7,  8,  and  9  carbon  atoms. 

I.  The  Grape  Sugar  Group. 

To  this  group  belong  sugars  containing  3,  4,  5,  6,  7,  8,  and  9  carbon 
atoms,  known  under  the  names  of  trioses,  tetroses,  pentoses,  hexoses, 
octoses,  and  nonoses.    These  possess  the  following  general  properties  : — 

1.  They  are  all  easily  oxidisable,  and  reduce  Fehling's  solution. 

2.  Most  of  the  glucoses  under  the  action  of  dilute  mineral  acids  form 
levulinic  acid  and  humus  substances. 

3.  Warming  with  acetic  acid  and  phenyl-hydrazine  they  all  form  more 
or  less  difficultly  soluble  and  crystalline  '  osazones.1 

The  formation  of  osazones  takes  place  in  two  stages ;  first,  one  molecule 
of  the  sugar  unites  by  means  of  its  aldehyde  or  ketone  group  with  one 
molecule  of  phenyl-hydrazine  to  form  the  easily  soluble  hydrazone,  thus : — 

Sugar.  Phenyl-hydrazine. 

CHaOH[CH(OH)liCII(OH)COH    +    H*N .  NH(C6H5) 
Hydrazone. 
=CHaOH[CH(OH)]3CH(OH)CH 
II 

N-NH(CeH6)    +  HaO 

with  separation  of  one  molecule  of  water.  Then,  in  presence  of  an  excess 
of  phenyl-hydrazine,  another  molecule  of  phenyl-hydrazine  unites  with  the 
hydrazone  with  separation  of  a  molecule  of  water  and  a  molecule  of 
hydrogen,  thus : — 

Hydrazone. 

CHj(OH)[CH(OH)iCH(OH)CH    +    C6H8NH— NH, 
N— NH(CflH8) 

Glncoaazone. 

-  CHa(OHXCH(OH)iC— CH    +    H2    +  H,0 
II  II 

C„H8NH — N  N— -NHC6H8 
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The  osazones  are  distinguished  from  each  other  by  their  differences  of 
solubility  and  their  melting-point ;  glucosazone  melts  at  145°  C,  lactosazone 
at  200°  C,  galactosazone  at  193°  C.,  maltosazone  at  206°  C,  arabinosazone 
at  160°  C,  and  sorbinazone  at  164°  C. 

4.  The  glucoses  all  form  additive  compounds  with  hydric  cyanide,  the 
cyanide  thus  formed  being  converted,  by  the  action  of  hydrolysing  agents, 
into  acids,  which  acids  on  reduction  yield  aldehydes ;  these  are  true 
sugars. 

5.  Several,  not  all,  of  the  glucoses  are  capable  of  fermentation. 

An  example  of  a  triose  is  glycerose,  C8H608 ;  of  a  tetrose  is  erythrose, 
C4H804 ;  of  a  pentose  is  arabinose,  C6H10O5 ;  the  hexoses  are  glucose, 
mannose,  fructose,  and  galactose. 

II.  The  Cane  Sugar  Group. 

To  this  group  belong  sugars  of  the  formula  C12H.i2Ou — e.g.,  cane  sugar, 
milk  sugar,  maltose,  and  sugars  of  the  formula  C18H8201C  (raffinose). 

III.  The  Carbo-hydrates. 

To  this  group  belong  the  so-called  polysaccharides,  cellulose,  starch, 
glycogen,  gummy  matters,  and  dextrin. 

Cane  Sugar,  C12H220ll,  occurs  in  a  very  large  number  of  plants,  but  is 
only  manufactured  from  beet-root,  the  sugar-cane,  sorghum,  and  the  sugar- 
maple.  Its  specific  rotatory  power  is  +  66*5  [a]D.  It  crystallises  from 
its  solutions  in  water  or  dilute  alcohol  in  anhydrous  crystals,  the  specific 
gravity  of  which  is  1*606.  It  is  soluble  in  one-third  of  its  weight  of  cold 
water,  and  is  very  soluble  in  hot ;  in  absolute  alcohol  it  is  insoluble,  the 
solubility  rising  in  proportion  to  the  weakness  of  the  alcohol.  Thus, 
according  to  Scheibler,  the  numbers  in  Table  IV.  are  the  percentages  of 
sugar  dissolved,  and  the  specific  gravity  of  the  solution  at  the  common 
temperature  of  14°  C. 

TABLE  IV. — Solubility  of  Sugar  in  Alcohol  of  Different  Strengths. 


Per  cent,  alcohol. 

100  c.c.  of  the  solution  contain 

Specific  gravity  of  the 
saturated  solution. 

0  . 

85-8 

.  1*3248 

5  . 

82'i 

10  . 

79*4 

'       '.    1  '2991 

15  . 

76-5 

20  . 

73*4 

!       '.  1*236 

25  . 

698 

80  . 

66*0 

'.  1*2293 

35  . 

61*6 

40  . 

567 

'.  1-1823 

45  . 

51-6 

50  . 

457 

'.  1-1294 

55  . 

39'6 

60  . 

32-9 

1050 

65  . 

25-6 

70  . 

17-8 

'.    0  9721 

75  . 

112 

80  . 

64 

'.  0-8981 

85  . 

2-7 

90  . 

07 

1  0*8369 

95  . 

0-2 

97-4 

0"08  . 

100  . 

000  . 
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When  solutions  of  sugar  are  toiled  with  dilute  mineral  acids,  the  sugar 
is  split  up  into  two  glucoses :  the  one  rotating  to  the  right,  hence  named 
dextrose,  the  other  rotating  the  plane  of  [>olarised  light,  to  the  left — 
levulose.1  Long  boiling  with  water  has,  to  u  slight  degree,  the  same  effect, 
and  it  is  also  shown  in  the  action  of  ferments,  when  exposed  to  light.  An 
uncorked  solution  of  sugar  (or  one  imperfectly  sealed)  will  in  a  few  days, 
according  to  the  temperature,  show  some  degree  of  inversion.  But  a 
boiled  solution  of  sugar,  which,  while  actunlly  boiling,  has  been  hermeti- 
cally sealed,  will  keep  unchanged  for  years.  Citric  acid  in  a  2  per  cent, 
solution  readily  inverts  cane  sugar  ;  it  does  not  act  on  milk  sugar,  a  fact 
utilised  in  the  detection  and  determination  of  mixtures  of  these  sugars.2 

Carbon  dioxide,  especially  under  pressure,  inverts  sugar.3  Pure  cane 
sugar,  if  free  from  glucose,  undergoes  no  change  of  colour  when  boiled 
with  the  alkalies ;  if,  however,  glucose  be  present,  there  is  a  very  decided 
change. 

Sugar  forms  a  few  well  established  compounds  with  buses,  and  many 
with  salts.  The  most  definite  of  the  sugar  compounds  combined  with 
bases  are  those  which  it  forms  with  baryta  and  lime.  If  a  solution  of 
sugar  be  boiled  down  with  sulphide  of  barium  or  baryta,  a  sandy  precipitate 
forms,  having  the  composition  LY>H._,.,OnBaO  ;  and  on  decomposition  of 
this  with  (JO.„  pure  sugar  is  obtained.  A  commercial  process  based  upon 
this  reaction  is  in  use  in  order  to  recover  the  sugar  from  molasses,  and  it 
may  be  employed  in  certain  cases  in  the  laboratory  with  advantage. 

There  is  a  monobasic  lime  sucrate  (C1.»U.,.,()llCaO)  corresponding  to  the 
barium  compound,  and  a  triUisic  sucrate  of  lime  (C1.JII.IJ()ir'U *aO).  Crys- 
talline compounds  arc  also  easily  obtained  with  certain  sodium  salts  ; 
thus,  there  is  a  chloride  of  sodium  compound  t-'u'I >nNa('1.2H.,0 ;  and 
another  having  the  formula  2(Y_»H.,:,()ll3Na(,1.41I:,0.  An  indidc  of  sodium 
'compound  may  be  obtained  in  large  crystals  having  the  following  composi- 
tion: 2C1,HL,lOIl3XaI.H._,0. 

Sugar  heated  to  160'  melts  to  a  colourless  liquid;  on  cooling,  the 
melted  mass  is  at  first  clear  and  transparent,  but  in  a  little  time  it  becomes 
crystalline  and  opaque.  At  about  170  to  180'  it  loses  water,  and  is  said 
to  be  transformed  into  dextrose  and  levulosan  ;  as  the  heat  is  increased,  water 
is  continually  being  lost,  and  more  or  less  brown  products  are  formed  (see 
'Caramel/  p.  80).  If  sugar  is  fused  with  zine  chloride,  a  liquid  is  obtained 
which  yields,  on  distillation,  aldehyde,  acetone,  nietacetone,  formic  acid, 
acetic  acid,  furfurol,  and  apparently  mesityl  oxide  :  carbon  dioxide,  carton 
oxide,  and  hydrocarbons  are  also  formed  ;  and  tnere  is  also  a  sublimation 
of  crystals  of  hcxamethylhenzeiie,  (-,.((' Jl3),;.  (Lijtpmami.) 

Bromine,  according  to  E.  Reichardt,  transforms  one-third  of  cane  sugar 
into  gluconic  acid,  one-third  into  glucose,  and  the  remainder  into  gum. 

§  68.  Adulteration*  uf  Sugar. — Loaf  sugar  is,  as  a  rule,  chemically  [aire. 
It  is  probably,  indeed,  the  purest  food-substance  in  commerce,  and  a  large 
quantity  may  be  burnt  up  without  obtaining  a  trace  of  nitrogen,  and  with- 
out leaving  any  residue.  The  only  sugars  that  may  be  inquire  are  the 
*  raw '  sugars. 

1  To  this  mixture  of  dextrose  and  levulose,  th»*  trrin  •///»■«■/•/  sugar'  is  applied, 
because  the  [wlariaation  is  tin-  opposite  of  that  of  ram-  sugar;  for.  although  glucose 
rotates  to  the  right  ami  lov ul oh;  to  the  loft,,  y«-t  the  luttrr  is  so  mudi  more  active  that 
the  solution  polarises  to  the  left. 

8  Stokes  and  Uodiiicr,  JifiM,  x.,  o'J-(>fi. 

3  V.  Lippmann,  Diny.  Poly.  J.}  c^xxxvij.,  Il0-lo3. 
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The  adulterations  of  sugar  usually  enumerated  are :  Glucose  or  starch 
sugar,  sugar  of  milk,  dextrin,  chalk,  plaster,  sand,  and  various  species  of 
flour ;  few  of  these  have  been  found  of  late  years.  A  new  adulteration  is 
the  colouring  of  sugars  with  yellow  and  yellow-brown  aniline  dyes ;  this 
is  somewhat  common.  The  detection  is  on  the  principles  detailed  in  the 
chapter  on  Colouring-matters.  One  of  these  dyed  sugars  is  at  once  detected 
by  moistening  the  sugar  with  hydrochloric  acid  ;  a  red  colour  is  immediately 
produced.    Phosphine  is  now  often  used  (see  p.  83). 

To  detect  glucose  (dextrose)  in  the  presence  of  other  sugars,  B.  Bottger 1 
mixes  the  solution  with  an  equal  quantity  of  carbonate  of  soda  solution  [1 
of  the  salt  to  3  of  water],  and  then  adds  a  little  basic  bismuth  nitrate, 
l>oils,  noticing  whether  there  is  any  blackening,  which  is  taken  as  an  indica- 
tion of  dextrose. 

E.  Brucke  2  has  modified  this  method,  so  as  to  eliminate  any  blackening 
(which  might  occur  from  the  sulphur  in  albuminous  matters),  by  using 
potassium  bismuth  nitrate,  which  precipitates  albumen.  The  reagent  is 
made  by  dissolving  basic  bismuth  nitrate  in  a  hot  solution  of  potassic 
iodide  with  the  addition  of  hydrochloric  acid.  The  albumen  precipitated 
by  the  reagent  is  of  course  filtered  off,  and  the  filtrate  is  boiled. 

The  simplest  and  best  method,  however,  of  detecting  starch  sugar  when 
mixed  mechanically  with  cane  sugar  is  undoubtedly  that  recommended  by 
P.  Caaamajor.8  The  suspected  sugar  is  thoroughly  dried,  and  is  then 
treated  with  methyl-alcohol  which  has  been  saturated  with  starch  sugar. 
100  c.c.  of  methylic  alcohol  of  50*  strength  dissolves  about  57  grms.  of 
starch  sugar,  the  100  c.c.  becoming  in  volume  133  c.c.  Such  a  saturated 
solution  dissolves  cane  sugar  readily  enough,  but  leaves  starch  sugar  un- 
dissolved. After  stirring  the  sugar  in  the  methylic  alcohol  for  about  two 
minutes,  the  residue  is  allowed  to  settle,  and  the  clear  solution  decanted. 
The  residue  is  now  washed  with  the  same  solution,  and  after  stirring  and 
allowing  the  residue  to  settle  again,  if  starch  sugar  were  present  there  will 
remain  a  certain  quantity  of  chalky  white  specks,  accompanied  by  a  fine 
deposit  of  starch  sugar.  By  collecting  this  on  a  filter,  and  washing  rapidly 
with  nearly  absolute  methyl,  approximate  quantitative  results  may  be 
obtained. 

The  best  method  of  detecting  dextrin  when  mixed  with  sugar  has  been 
specially  studied  by  Scheibler.4  He  took  a  sugar  which  gave  the  following 
analysis: — 

Per  cent. 

Water  3  35 

Aba,  1-73 

Organic  matter,  2*32 

Sugar,  92  60 

and  mixed  this  sugar  with  various  proportions  of  dextrin — from  1  to  3  per 
cent — and  examined  the  behaviour  of  the  sugar,  both  optically  and 
ohemioally.  The  polarisation  indicated  the  following  amounts  of  cane 
sugar: — 

0*0      0  5      1*0      2*0      3 "0  per  cent,  dextrin 
02-6     93-4     04-0     95-6     96  3      „  sugar. 

Thus,  a  sugar  adulterated  with  3  per  cent.,  if  examined  optically,  would 

1  Journ.  fUr  frakt.  Chcm.,  lxx.,  482. 
1  IFicn  Ahad.  Ber.t  1875,  52. 
1  Chemical  Neurs,  1880. 
4  "The  Sugar  Cane,"  1871,  p.  460. 
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indicate  96*3  per  cent  of  cane  sugar  instead  of  92*6.  On  inverting  the 
sugar,  there  were  great  discrepancies,  quite  enough  to  make  even  an 
inexperienced  observer  suspect  something  wrong.  Thus  with  the  same 
amounts  of  dextrin,  the  pure  sugar  showing,  before  inversion,  96*3  per 
oent.  of  Bugar,  and  after  inversion,  67*0  : — 

0\r>        l'O        2  0        3'0  ]**r  cent,  dextrine. 
Direct,  93-4       94*0      9.1-6       96*3      „  sugar. 

After  inversion,  80"4      78*0      73  1      67*0      M  „ 

It  watt  no  use  to  experiment  beyond  3  per  cent,  because  it  was  then 
impossible  to  clarify  the  solution  by  lead  acetate  sufficiently  for  the  pur- 

Kies  of  optical  analysis.  Schcibler  summarised  his  results  as  follows: 
xtrin  may  be  detected  by  its  thus  raising  the  degree  of  rotation,  by  the 
great  difference  of  the  results  before  and  after  inversion,  by  the  blue  colour 
it  gives  with  iodine  (although  there  are  dextrins  which,  when  added  to 
sugar,  may  show  this  test  imperfectly),  by  the  impossibility  of  clarifying, 
by  lead  acetate,  the  liquid  should  any  amount  be  present,  and  lastly,  by 
partial  separation  of  the  dextrin  by  animal  charcoal. 

Insoluble  mineral  matters,  such  as  sand,  present  in  low-class  sugars  as 
an  impurity,  may  be  readily  detected  by  simple  solution  of  the  sugar  and 
filtration.  Gummy  matters  may  also  be  separated  by  precipitation  by 
alcohol  in  the  way  to  be  described  in  the  article  on  'Tea';  mineral 
matters,  generally,  may  be  detected  in  the  ash.  Beet  sugars,  and  to  a  less 
degree  cane  sugars,  will  contain  a  large  amount  of  potassic  and  sodic 
carbonates,  arising  from  the  decomposition  of  the  citrates,  malates,  oxalates, 
etc.  Beet  sugars  may  also  contain  nitrates.  Cane  sugar  leaves  an  ash 
containing  but  little  soda,  with  much  more  lime,  magnesia,  iron,  and 
alumina.  Thus,  the  following  is  the  ash  of  raw  cane  and  beet  sugars, 
obtained  in  the  following  manner :  All  the  mineral  matters  in  the  sulphuric 
acid  residue  of  a  largo  sugar  factory  were  kept  for  a  whole  year,  and 
analysed  at  the  end  of  the  year.  Of  course  the  carbonates,  nitrates,  and 
chlorides  have  all  been  decomposed,  and  the  analysis  is  true  only  with 
regard  to  the  bases. 

Caiio  Sugar  Ash.   Beet  Sugar  Ash. 


Per  ctut.  Per  cent. 

Potash   28-79  34'19 

Soda,  -87  11-112 

Lime   8*83  3*60 

Magnesia,  ....  2*73  '16 
Oxides  of  iron  and  aluminium,  6*90  -28 
Sulphuric  acid  [anhyd.],        .    43  65  48*85 1 

Dividing  each  factor  of  the  ash  of  the  beet  sugar  by  that  of  the  cane,  we 
get  the  following  proportions  for  the  bases :  — 

Cane.  Beet. 

Potash   11-19 

Soda,   1  12-78 

Lime   1  '41 

Magnesia,   1  '06 

Oxides  of  iron  and  aluminium,  1  '04 


In  other  words,  the  potash  is  almost  equal  in  the  two  ashes,  but  there  is 
nearly  thirteen  times  more  soda  in  beet  ash  than  in  cane  sugar  ash ;  lime, 

1  J.  Wallace,  Chem.  Neics,  xxxvij.,  76. 
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magnesia,  and  oxides  of  iron  and  aluminium  are  in  very  small  quantities 
in  beet  sugar  ash. 

An  analysis  of  the  ash  of  a  Demerara  cane  sugar  growing  near  the  sea- 
coast,  by  Dr.  Wallace,  is  as  follows : — 

Per  cent 


Potash,   29*10 

Soda,   1*94 

Lime   15*10 

Magnesia,   3*76 

Sulphuric  anhydride,   2375 

Phosphoric  acid,        ....  5*59 

Chlorine   4*15 

Carbon  dioxide,   4*06 

Iron  peroxide,   '55 

Alumina,   '65 

Silica   12-38 


101*03 

Deduct  oxygen= chlorine,    ....  *93 


100-10 

If  sugar  be  ever  adulterated  by  any  of  the  starches,  so  clumsy  a  fraud 
is  readily  detected  by  a  microscopical  examination,  and  the  use  of  iodine 
to  the  residue  obtained  by  dissolving  the  sugar  in  cold  water,  and  then 
filtering. 

§  69.  Full  Analysis  of  Sugar. — The  full  analysis  of  a  raw  sugar  con- 
sists in : — 

1.  Determination  of  the  water  driven  off  at  a  heat  not  exceeding  55° 
to  609  C. 

2.  An  optical  estimation  before  and  after  inversion. 

3.  Titration  with  Fehling's  solution  before  and  after  inversion. 

4.  Estimation  of  the  organic  acids  by  treating  with  sulphuric  acid,  and 
shaking  up  this  acid  extract  in  a  separating  funnel  with  ether,  until  it  has 
dissolved  out  all  the  organic  acids. 

5.  Titration  of  the  organic  acids  with  d.  n.  soda  or  .potash. 

6.  Estimation  of  any  insoluble  matter,  whether  organic  or  inorganic. 

7.  Estimation  of  the  ash  and  its  constituents. 

It  may  also  be  necessary  to  estimate  the  matters  precipitated  by  basic 
lead  acetate;  it  would  be,  however,  quite  sufficient  for  commercial,  and, 
indeed,  for  most  purposes,  to  merely  estimate  the  percentage  of  cane  sugar, 
fruit  sugar  (if  present),  water,  and  organic  matter,  or  water  and  ash,  as  in 
the  following  analyses  (Tables  V.  and  VI.). 

The  difference  between  the  totals  and  100  would  be  returned  as 
"  unestimated  matters  and  loss." 

The  methods  of  estimating  the  different  kinds  of  sugar  are  fully  con- 
sidered in  the  next  section,  and  it  only  remains  to  detail  the  best  methods 
of  taking  the  ash  of  a  sugar. 

There  are  two  methods  of  taking  the  ash  of  sugar. 

The  one  is  simply  to  burn  the  ash  in  the  ordinary  way  in  a  platinum 
dish  heated  to  redness  in  a  current  of  air.  In  the  case  of  all  substances 
like  sugar  or  starch,  this  method  is  very  tedious,  and  without  doubt  there 
is  some  loss  by  volatilisation.  Landolt1  determined  the  amount  of  this 
volatilisation  by  a  series  of  careful  experiments,  and  gives  the  following 


1  Landolt,  H.,  Joum./Ur praktische  Ghent. t  ciii.   Also,  "  Sugar  Cane,"  1878. 
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TABLE  V.— Composition  of  Raw  Beetroot  Sugars  of  Good  Quality. 


1.  Clear  light  mixed  product, 

2.  Light  mixed  product,  . 
8.  Half  white,  1st  product, 
4.  light  mixed  product,  . 
6.  Light  mixed  product, 

6.  Half  white,  1st  product, 

7.  Clear  white,  1st  product, 

8.  Light  mixed,  1st  product, 

9.  Clear  light  mixed,  1st  product, 

10.  Clear  light,  1st  product, 

11.  Clear  light,  1st  product, 

12.  Clear  yellow  mixed  product, 
18.  Yellow  mixed  product,  . 
14.  Clear  yellow  mixed  product, 
16.  Clear  yellow,  1st  product, 

16.  Yellowish  mixed  product, 

17.  Yellow  mixed  product,  . 

18.  Yellow  mixed  product,  . 

19.  Yellow  mixed  product,  . 

20.  Yellowish  product, 

21.  Yellow  mixi*d  product,  . 

22.  Light  mixed  product,  . 
28.  Yel  low  mixed  product,  . 
24.  Yellow  mixed  product,  . 
26.  Yellow  mixed  product,  . 

26.  Yellowish  mixed  product, 

27.  Yellowish  brown,  2nd  product 

28.  Yellow,  1st  product, 

29.  Yellow  mixed,  1st  product, 

80.  Light  yellow,  1st  tiroduct, 

81.  Yellow  mixed  product,  . 

82.  Brownish,  2nd  product, 
33.  Second  product,  . 


Cane 
Mugar. 
Per  cent 


86-  0 

93  0 

94  3 

93*6 
94  4 
96*1 
92*0 
93-5 
92*0 
931 
94  0 

92  0 
92-0 
92*0 
937 
91-8 

93  0 
93  4 
93  0 
930 
93  0 

91-  6 
907 
93*8 

92-  5 
90'0 
91*3 
92-4 
89*5 
92  0 
89 -G 
81* -0 

87-  0 


Organic 
Matter. 
Per  cent. 


1-  6 
2  0 

2  3 

2  4 

3  1 

2  3 
87 

3  0 
2  3 
3*8 
3-0 
3-0 
2*4 
3-2 
2'6 
2*9 
3*5 
2  9 

2  3 
37 

3  3 

3-  0 

4-  6 

2-  1 
2*4 
4*3 
6-1 

3-  5 

4-  0 
2 '8 

4  3 
6-3 
6'2 


Water. 
Per  cent 


2-0 
2*3 
2'5 
3'8 
2*2 
3*4 
2-8 
2*8 

2  6 

3  0 
2  9 

2  3 
3V> 
31 
2'8 
So* 
27 
2*3 
2'9 
31 
27 
3*0 
4*3 
2*3 

3  5 
37 
2'5 

2-  t> 
37 
3'4 

3-  m 
3-0 
4*1 


TABLE  VI.—  Some  Analyses  hy  Mr.  IIalse  of  Concretes. 


Cane  Sugar. 
Per  cent. 

I'ncrystalliAcri 
Sugar. 
Per  cent. 

Water. 
Per  cent. 

I  Ash. 
|       Per  cent. 

1. 

87*20 

4-UO 

4-50 

!  1-38 

2. 

89'bO 

1-90 

5-50 

l 

•85 

8. 

90*20 

1  95 

4-03 

•99 

4. 

9170 

3  30 

2-15 

•88 

5. 

87*00 

6-00 

472 

T24 

6. 

95-10 

1-40 

1-56 

•80  | 

7. 

94*30 

170 

2  21 

i  1-16 

8. 

92-50 

1-92 

270 

|  1*18 
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Table  (VII.),  which  may  be  used  as  a  guide  to  the  correction  of  the  final 
weight  of  the  ash. 

TABLE  VII. 


We 
Rei 

ght  of 
lidue. 

Loss  by  Heating  after 

Half  an  Hour. 

One  Hour. 

One  and  a  Half 
Hours. 

Two  Hours. 

•01 

grra. 

•002  gnn. 

•004 

grra. 

•006  grm. 

•008  grm. 

•02 

M 

•002  „ 

•004 

•» 

•007 

ii 

•009  „ 

•03 

» » 

•002  „ 

•005 

>> 

•008 

tt 

•oio  „ 

•04 

ti 

•003  „ 

•006 

»» 

009 

tt 

•012  „ 

•05 

it 

•004  „ 

•007 

ti 

•011 

ii 

•015  „ 

06 

ti 

•004  „ 

•008 

>» 

013 

i> 

•017  „ 

•07 

l> 

•005  „ 

•010 

»» 

•015 

*» 

•019  „ 

•08 

ft 

•005  „ 

•010 

»> 

•016 

tt 

•020  „ 

A  method  recommended  and  practised  by  Scheibler  was  to  moisten  the 
ash  with  sulphuric  acid,  whereby  the  combustion  is  much  hastened,  and 
the  bases,  being  obtained  as  sulphates,  approximate  more  nearly  in  weight 
to  that  of  the  organic  salts  naturally  in  the  sugar,  which  in  the  other 
method  are  obtained  as  carbonates.  It  has  also  been  proposed  to  precipi- 
tate the  sugar  with  acetate  of  lead,  and  thus  obtain  the  lead  salts  of  the 
organic  acids.  The  lead  compounds  are  decomposed  in  the  usual  way,  and 
the  acids  set  free  titrated  by  potash.  The  potash  combination  approximates 
somewhat  more  closely  to  the  actual  salts  of  the  sugar. 

But  the  best  of  those  methods  which  attempt  to  reconstruct  from  the 
ash  the  original  salts,  is  probably  that  of  Laugier,  already  described  at  p. 
96.  Laugier  extracts  the  organic  acids  by  ether,  and  then  adds  them  to 
the  ash,  and  evaporates  them  down  with  it.  As  to  raw  beet  sugar  ash,  the 
experiments  of  Landolt  appear  to  show  that  simply  multiplying  the  pot- 
assic  carbonate  found  by  2,  gives  the  amount  of  organic  salt  from  which  it 
was  derived.1  His  experiment  was  as  follows  : — Two  pounds  of  syrup  were 
fully  precipitated  by  lead  acetate,  then  decomposed  by  SH2,  and  exactly 
neutralised  by  potash.  The  solution  was  next  partly  evaporated,  passed 
through  animal  charcoal,  and  dried.  It  gave  the  reactions  of  chlorine,  and 
of  oxalic,  malic,  and  tartaric  acids,  with  a  trace  of  sulphuric  acid.  Three 
separate  portions  were  now  carbonised,  and  the  proportion  for  every  one 
part  of  organic  salt  of  carbonate  of  potash  was — in  experiment  1,  2*04 ;  in 
experiment  2,  2*05;  in  experiment  3,  1'98:  the  mean  of  the  three  being 
2-02. 

§  70.  Glucose,  Dextrose,  Dextro-Glucose,  Grape  Sugar,  C6H1206H20. — 
The  specific  rotatory  power  of  glucose  is  53\2   It  is  soluble  in  100  parts  of 

1  Or  if  Scheibler's  process  be  followed,  the  sulphates  of  the  alkalies  may  be  multiplied 
by  1-54. 

9  [a]z>-  +52*8  up  to  15  per  cent  concentration,  the  rotation  usually  accepted  for  the 
3*86  divisor  is +  51 '7. 
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cold  water,  and  very  soluble  in  boiling  water ;  it  is  soluble  in  glycerine,  in 
about  two  parts  of  rectified  spirit,  and  two  of  amylic  alcohol;  but  it  is 
insoluble  in  ether  and  in  chloroform.  Dextrose  is  widely  spread  in  the 
vegetable  kingdom,  but  is  never  found  unaccompanied  by  levulose.  Dex- 
trose is  artificially  obtained  by  heating  carbo-hydrates,  such  as  starch  or 
cane  sugar,  with  acids ;  in  the  former  case,  it  is  accompanied  by  dextrin, 
from  which  it  is  difficult  to  purify  it.  The  rotation  increases  with  the  con- 
centration— this  may  l>c  calculated  for  anhydrous  glucose  by  the  following 
formula,/?  being  the  per  cent,  of  sugar  in  solution  [«]/!  =  52*50  +  0*0188 
P  +  0O00517  j>*. 

The  best  way  to  obtain  dextrose  from  cane  sugar  in  a  pure  state  is, 
according  to  Soxhlet,  the  following : — 3  litres  of  90  per  cent,  alcohol  and 
120  c.c.  of  concentrated  hydrochloric  acid  are  made  to  act  at  45*  C.  for  two 
hours  on  1  kilo,  of  cane  sugar.  After  ten  days,  crystals  of  dextrose  form, 
when  the  liquid  may  be  concentrated  by  distillation,  and  the  crystals  which 
have  formed  removed.  In  a  few  days,  the  whole  of  the  dextrose  will  have 
been  deposited  as  a  white  powder.  The  crystals  are  washed  with  90  |>er 
cent,  alcohol  and  with  absolute  alcohol,  and  crystallised  out  of  the  purest 
methyl-alcohol.  Crystallised  grape  sugar  is  in  the  form  of  little  masses  of 
six-sided  tables,  which  melt  at  86°  ('.,  and  lose  at  100°  C.  their  water  of 
crystallisation. 

§  71.  Ltvulose  (or  LrvuyluroHe)  is  isomeric  with  dextrose,  but  distin- 
guished from  it  by  its  action  on  a  my  of  polarised  light  which  is  turned  to 
the  left,  instead  of  to  the  right :  for  a  10  per  cent,  solution  specific  rotation 
at  17"  C.  is  [a]D  -  91-55,  but  the  rotation  usually  taken  for  the  3'$6  divisor  is 
-  93'7.  It  is  obtained  in  company  with  dextrose  when  sugar  is  *  inverted  '  by 
the  action  of  a  dilute  acid.  To  isolate  levulose  the  acid  must  be  got  rid  of ; 
for  example,  if  hydrochloric  acid  has  been  used,  it  is  precipitated  by  silver 
solution;  if  sulphuric,  by  baryta  water,  etc.  The  solution  of  invert  sugar 
must  be  alxmt  10  i>er  cent,  strength.  To  every  100  c.c.  C  grins,  of  freshly 
burnt  lime  must  be  added,  and  the  whole  shaken.  I5y  artificially  cooling 
the  solution  with  ice,  a  crystalline  magma  is  obtained,  and  by  filtration  the 
more  soluble  dextrose  lime-compound  can  be  obtained  from  the  less  soluble 
levulose  lime-compound.  The  sugar  thus  obtained  can  be  freed  from  lime 
by  carbon  dioxide. 

Levulose  is  uncrystallisablc,  but  it  has  not  been  found  possible  to  separate 
it  entirely  from  the  crystalline  glucose,  by  crystallising  the  latter  out  of  it. 
It  presents  when  pure  simply  the  characters  of  a  colourless  syrup. 

§  72.  Edimation  nf  (Uirlm-hytlratv*. — Carbo-hydrates  in  solution  are 
estimated  by  English  chemists  by  a  combination  of  physical  and  chemical 
processes,  that  is  to  say,  by  determinations  of  the  reducing  power  on  certain 
solutions  of  copper  salts,  by  the  action  of  inverse,  of  diastase,  by  a 
determination  of  the  specific  gravity  and  by  observations  by  means  of  a 
polarimeter. 

(1.)  Determination  of  the  Cuprir  Itoiwiug  P»wn\ 

This  is  capable  of  great  accuracy  if  the  conditions  of  strength  of 
solutions,  temperature,  and  time  are  always  maintained  as  nearly  uniform 
as  practicable. 

The  standard  solution  of  copper  (Fehling)  is  made  as  follows: — 34*5  grms. 
of  copper  sulphate  are  dissolved  in  500  c.c.  of  water,  and  the  solution  made 
up  to  500  c.c.    173  grms.  of  Rochelle  salt  (sodic-potassic  tartrate)  and  63 
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grins,  of  anhydrous  soda  are  dissolved  in  water,  and  this  solution  also  is 
made  up  to  500  c.c.;  the  two  solutions  are  kept  separate,  but  for  use 
equal  bulks  are  mixed  together.  It  is  important  never  to  vary  these 
quantities,  and  in  particular  to  have  the  exact  quantity  of  soda. 

A  slight  reduction  takes  place  on  heating  this  solution,  which,  in 
important  determinations,  must  be  estimated ;  this  reduction  under  the 
usual  conditions  is  from  2-3  mgrms.  CuO  for  every  50  c.c.  of  the  Fehling 
solution  used. 

The  reduction  of  a  reducing  sugar  must  be  so  arranged  that  the 
resulting  copper  oxide  lies  between  the  values  of  150  and  350  mgrms.; 
that  is  to  say,  equal  to  from  60  to  120  mgrms.  of  dextrose. 

This  knowledge  can  usually  be  obtained  from  the  specific  gravity  of 
the  solution  (see  p.  113),  or  by  a  rough  volumetric  preliminary  test. 

The  process  of  reduction  is  performed  as  follows : — 50  c.c.  of  Fehling's 
solution  are  placed  in  a  wide-mouthed  flask  of  250  c.c.  capacity,  and 
immersed  in  boiling  water.  When  the  temperature  of  the  copper  solution 
continues  stationary,  an  accurately  weighed  or  measured  solution  of  the 
sugar  is  added,  and  the  whole  made  up  to  100  c.c.  with  boiling  distilled 
water.  The  heating  is  continued  exactly  twelve  minutes.  The  precipitated 
copper  oxide  is  now  filtered  off  while  hot,  and  the  resulting  cuprous  oxide 
is  converted  into  CuO  at  a  red  heat,  or  the  copper  oxide  is  reduced  by 
hydrogen,  and  the  copper  weighed  as  such,  or  the  copper  oxide  is  dissolved 
in  nitric  acid  and  the  copper  deposited  electrolytically. 

Most  chemists  filter  the  cuprous  oxide  through  a  small  plug  of  asbestos 
pulp  in  a  Soxhlet  tube ;  others  use  a  double  filter  paper.  In  the  one  case, 
however  well  washed  the  asbestos  may  be,  it  loses  weight;  in  the  other 
case,  the  copper  in  solution  adheres  in  small  quantity  to  the  filter  paper,  and 
cannot  be  entirely  washed  out ;  if,  however,  blank  experiments  are  made, 
this  last  source  of  error  can  be  allowed  for,  and  on  the  whole  an  ashless 
filter  paper  is  the  more  convenient  The  filter  is  well  washed  with  hot 
water,  and  then  dried  with  its  contents  in  a  porcelain  or  platinum  dish ; 
when  dry,  the  filter  is  slowly  charred,  then  brought  for  some  time  to  a 
dull  red  heat,  and  finally  heated  to  bright  redness  in  a  muffle  or  over  a 
good  Bimsen  flame.  If,  however,  the  copper  is  to  be  determined  electro- 
lytically, the  filter  may  be  destroyed  rapidly  and  a  solution  made  of  the 
copper. 

The  use  of  any  kind  of  filter  may,  however,  be  avoided  by  transferring 
the  liquid  to  a  special  tube,  and  whirling  in  a  centrifugal  machine.  The 
special  tube  is  in  two  parts ;  the  one  an  ordinary  glass  tube,  the  other  a 
cone ;  this  latter  may  be  of  glass,  of  porcelain,  or  of  platinum ;  the  two 
are  connected  by  a  sound  caoutchouc  joint.  On  whirling,  the  precipitate 
collects  in  the  cone.  The  supernatant  fluid  is  syphoned  off,  hot  water 
added,  and  the  operation  repeated  until  the  washing  water  gives  no  copper 
reaction. 

In  order  to  estimate  copper  oxide  by  electrolysis,  so  that  the  copper  is 
deposited  as  a  coherent  film  on  a  platinum  electrode  or  dish,  the  following 
conditions  are  necessary  : — 

The  copper  oxide  is  dissolved  by  a  known  quantity  of  nitric  acid,  and 
the  liquid  diluted,  so  that  the  strength  of  nitric  acid  in  solution  does  not 
exceed  3  per  cent.  The  solution  is  then  electrolysed  at  from  20°  to  30°  C. ; 
the  current  density  must  not  be  more  than  from  0*5  to  1*0  ampere,  and 
the  tension  from  2*2-2*5  volts.  The  time  taken  for  the  deposition  is 
from  four  to  five  hours. 
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§  73.  The  K  and  R  Value*.— ( >Sullivau  took  dextrose  as  the  type  of 
reduoing  bodies,  and  used  it  as  the  standard  to  which  all  other  reducing 
carbo-hydrates  or  mixtures  of  reducing  with  no n -reducing  ones  were 
compared.  He  designated  by  the  letter  K  the  cupric  oxide  reduced  by 
100  parts  of  a  substance  calculated  as  dextrose ;  hence  K  50  means  that 
a  substance  has  half  the  reducing  power  of  dextrose. 

Just  as  K  is  the  specific  reducing  power  of  a  substance  referred  to 
dextrose  as  standard  100,  so  also  the  symbol  It  is  used  to  denote  the 
specific  cupric  reducing  power  of  a  substance  referred  to  maltose  as  a 
standard  (100). 

Since,  moreover,  the  strength  of  solutions  is  mostly  determined  by  using 
as  a  divisor  the  specific  gravity  minus  1000,  and  the  ordinary  divisor  for 
a  10  per  cent,  of  cane  sugar  is  3*86,  this  divisor  is  used  fur  most  solutions 
of  unknown  value ;  when  this  is  done,  then  the  factor  is  suffixed  to  K — thus 
K*86a  ^'  on  ^nc  otncr  "and,  the  true  divisor  is  used,  as,  for  example, 
for  particular  solution  of  sugar  or  starch  conversions  as  obtained  from  the 
curves  in  fig.  19a,  on  page  114,  then  this  is  the  absolute  value,  and  is 
designated  as  such  or  simply  as  K. 

To  convert  absolute  values  into  3*80  values  is  easy.  For  example, 
1*371  grin,  of  CuO  is  reduced  by  1  grm.  of  absolute  maltose,  that  is  maltose 
divided  by  the  gravity  as  determined  by  the  true  divisor  3*92.    Hence  for 

3  *S6 

1  grm.  of  3*36  maltose  wo  have  1*371  x  ^.7-7    1'350  CuO. 


TABLE  VIII. — Thk  Cupric  Rkdugino  Powkkh  of  Dkxtkosk,  Lkvulose,  and 
Invert  Sugar.    Brown,  Morris  and  Millar,  Juum.  Chew.  »S>.  (Trans.),  lxxi.,  281. 


i 

o 

Dextrose. 

Levuluse. 

1 

Invert  Sugar. 

.  tsi 

! 

Cu 

CuO 

Cu 

CuO 

Cu 

1  Cuo 

I 

grams. 

grams. 

:  si-! 

grams. 

grams 

grams. 

'  urams. 

SI- 

I '       '  ~ 

0  "~ 

3-3 

' 

60 

01030 

1  0*128!) 

i  2-578 

0*0923 

01155 

2*310 

0*0975 

1  0*1221 

2*442 

66 

01 134 

I  01422 

2585 

01027 

0*1287 

2  341 

0*1070 

|  0-1340 

2*453 

60 

01238 

01552 

2587 

01122 

0*1407  ' 

2  345 

01170 

,  "1474 

2*467 

66 

0-1342 

0-1082 

1  2-6*9 

0*1210 

01521 

2*346 

0*1275 

1  0159S 

2  459 

70 

01443 

o-i8oo 

2-585 

0*1312 

01  !U5 

2  350 

01373 

01721  ' 

2*459 

76 

0-1643 

01935 

2  6*0 

0*1405 

01701  . 

2-340 

01468 

0*1840 

2*454 

80 

0-1044 

0  2001 

2  577 

Oiftoo 

0  1881 

2-351 

01500 

01963 

2*  154 

86 

0-174O 

02187 

2  572 

0*1590 

0*1903 

2*345 

•1-1002 

0*20*4 

2  4-.1 

90 

0-1834 

0*2299 

2*555 

O'lO&fl 

0*2114  1 

2*349 

01755 

,    0*2200  1 

2  445 

95 

0-1930 

0*2420 

2-547 

0*1774 

0*2224 

2*341 

0*1848 

!  0*2317 

2*430 

100 

0*2ir27 

0-2538 

2-538 

0-1862 

0*2331 

2:131 

01041 

i  02430 

2  430 

105 

0*2123 

0-2002 

2535 

01052 

0  2447 

2-331 

0*21)34 

,    0*2550  1 

2*429 

110 

02218 

0-2781 

2  528 

0-2040 

0  2558 

2*326 

0  2128 

0  20ti8  1 

2*425 

116 

0-2313 

0-2000 

2*522 

0*2120 

0*2000 

2  321 

0*2220 

"278.; 

2*420 

120 

0*2404 

03014 

2-512 

0-2215 

0*2777 

2*314 

0  2311 

i)  2898 

2-416 

125 

0-2496 

0-3130 

2*504 

0  2303 

n-2887 

2310 

0*2400 

O-3009 

2-407 

180 

0-2585 

03241 

2  403 

0-2390 

0*2007 

2-305 

0*24*0 

0*3121 

2*400 

135 

0-2075 

0-3364 

2-4*4 

0-2477 

0*8106 

2  300 

0*2578 

1  0*3232 

2-894 

140 

0-2762 

0-3403 

2  473 

0*2559 

0  3200 

2*292 

0  2003 

,    0  3330 

2-385 

145 

0-2860 

0-3573 

2*404 

0-2041 

0*3311 

2*284 

0-275" 

0;i448  1 

2*378 

150 

02934 

0-3073 

2*448 

0*2723 

0*3409 

2*273 

0-2832 

'  0-3510 

2*364 

155 

0-3020 

0  3787 

2  443 

0*2805 

0*3517 

2*269 

02015 

0*3055 

2*353 

160 

0-3103 

0-3801 

2*432 

0-2889 

0-3022 

2-204 

0*3002 

!    0  3704 

2*352 

165 

0-3187 

0  3900 

2  422 

0*2072 

0*3720 

2*268 

0*3080 

i  03300 

2-345 

170 

0-3268 

0-4008 

2  410 

0-3053 

0*3323 

2*252 

0*3107 

'  0*3071 

2*836 

176 

0-3350 

0-4200 

2*400 

03134 

0*3930 

2  245 

0*3251 

i    0  4070 

2-820 

180 

0  3431 

0-4302 

2-390 

0*3210 

04032 

2*240 

0*3331 

,    0  4177  1 

2*320 

186 

0*3508 

0-4399 

2-377 

03297 

0*4134 

2*234 

0  3410 

0-4276  ' 

2*311 

190 

0  3590 

0-4501 

2-360 

0-3377 

0-4234 

2*228 

0*3490 

I    0-4370  > 

2*303 

196 

0-3068 

0-4699 

2-358 

0-3467 

0-4385 

2-223 

0*3670 

0-4470  ' 

2*296 

200 

0-3745 

0-4689 

2*344 

0-3589 

0-4431 

2-216 

0-3656 

I    0  4570  I 

2*286 

205 

0-3822 

0*4792 

2*338 

0-3616 

0*4534 

2-211 

0*3726 

j    0*4672  1 

2-270 

8 
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The  Cyanide  Copper  Process 1  gives  a  fairly  accurate  estimation  of 
reducing  sugars,  and  is  performed  as  follows  : — To  20  c.c.  of  Fehling  (or,  as 
it  is  better  to  keep  the  solutions  separate,  to  10  c.c.  of  copper  sulphate 
solution  of  Fehling's  strength,  to  which  10  c.c.  of  the  alkaline  tartrate  are 
added),  arid  40  c.c.  of  water  in  a  porcelain  dish,  and  heat  to  boiling ;  while 
boiling,  drop  in  from  a  burette  a  5  per  cent,  solution  of  potassic  cyanide 
until  there  is  only  the  faintest  blue  colour  observable — now  add  a  second 
20  c.c.  of  Fehling,  and  heat  to  boiling,  and,  while  boiling,  drop  in  the 
solution  of  sugar  from  a  burette  until  complete  decolorisation.  The 
liquid  should  be  standardised  by  solutions  of  0*5  per  cent.,  1*0  per  cent., 
and  2  per  cent,  of  the  various  reducing  sugars. 

Mr.  W.  A.  Rogers  has  made  a  number  of  determinations  of  lactose  in 
milk  by  the  copper  cyanide  process  in  our  laboratory,  and  has  observed 
that,  when  the  end  of  the  reaction  is  nearly  reached,  it  is  necessary  to  add 
the  sugar  solution  very  carefully,  since  the  addition  of  any  excess  of  the 
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latter,  more  than  necessary  to  just  decolorise  the  solution,  produces  a 
green  colour  which  may  rather  easily  be  mistaken  for  the  faint  blue  which 
precedes  the  end  of  the  reaction.  In  making  a  number  of  determinations, 
it  is  also  advisable  to  allow  the  same  length  of  time  (say  a  minute)  to  elapse 
between  the  addition  of  the  portions  of  the  sugar  solution ;  otherwise 
strictly  comparative  results  may  not  be  obtained. 

(2.)  Dr.  Pavy's  Process, 
An  excellent  method  of  determining  sugar  has  been  invented  by  Dr. 
Pavy.2    The  principle  of  the  process  depends  on  the  decolorisation  of  an 
ammoniacal  copper  solution  by  glucose  in  the  absence  of  air. 

The  copper  solution  is  made  by  dissolving  20*4  grms.  of  potassic  sodic 
tartrate  and  20  4  grms.  of  caustio  potash  in  200  c.c.  of  water ;  in  another 
200  c.c,  4*158  grms.  of  cuprio  sulphate  are  dissolved  by  the  aid  of  heat, 
1  Qemrd,  Pharm.  Journal t  8d  series,  xxv.,  912.  *  Lancet,  1884. 
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and  the  two  solutions  are  mixed  together ;  when  cold,  300  c.c.  of  strong 
ammonia  (sp.  gr.  '880)  are  added,  and  the  whole  made  up  to  1  litre  with 
water.  10  c.c.  of  this  liquid  diluted  to  20  c.c.  with  water  equals  5  mgrms. 
of  glucose. 

To  make  the  estimation,  10  c.c.  of  the  ammonia  copper  solution  are 
placed  in  a  flask  with  a  rather  wide  mouth,  an  equal  bulk  of  water  is  added, 
and  a  good  caoutchouc  stopper  having  two  perforations  is  fitted  to  the 
neck  of  the  flask ;  through  one  of  the  holes  is  adapted  air-tight  the  conical 
end  of  a  burette,  having  either  a  glass  stopcock  or  a  clip ;  while  the  other 
hole  carries  a  bent  tube  for  the  exit  of  the  vapour.  The  sugar  solution  is 
placed  in  the  burette.  Heat  is  now  applied  to  the  flask,  and  when  the 
liquid  is  boiling  violently  the  sugar  solution  is  run  in  slowly,  after  each 
addition  boiling  up ;  the  blue  colour  fades  gradually,  and  the  end  reaction 
is  the  complete  absence  of  blue  colour. 


TABLE  IX.— Showing  the  amount  of  Sugar  expressed  in  Pakts  by 
Weight  per  1000  by  Volume  corresponding  with  c.c.  in  IOths 

REQUIRED  TO  DECOLORISE  10  C  C.  OF  THE  AMMONIATED  COPPER  TksT. 


C.c.  to 
Decolorise. 

Parts  per 

1000  of  Sugar. 

C.c.  to 
Decolorise. 

Part*  per    !       C.c.  to 
1000  of  Sugar,  j ,  Decolorise. 

i    Parts  per 
1000  of  Sugar. 

6*0 

•833 

/  4 

•673 

8*8 

•568 

6*1 

•819 

7*5 

•661 

1  89 

•561 

6*2 

•806 

7*6 

•653 

9  0 

1  '555 

6'3 

793 

•646 

9-1 

•549 

6'4 

781 

7-8 

•638 

9- 

•543 

6*5 

769 

7'9 

•631 

9  3 

•537  1 

6  6 

757 

8-0 

•6'25 

9  4 

•531  j 

67 

746 

8-1 

•617 

9  5 

•526 

6  8 

736 

8*2 

•609 

96 

•520  1 

'  6-9 

724 

8*3 

•602 

97 

•515  | 

7-0 

714 

!  8*4 

•f.95 

9'8 

•510  | 

7  1 

703 

8*5 

•588 

9  9 

•505  i 

7  2 

•691 

j  8*6 

•581 

10-0 

•500 

7*3 

•681 

'  87 

•574 

101 

•495 

The  authors  use  a  modification  of  the  process  invented  by  Mr* 
Stillingfleet  Johnson.  The  caoutchouc  stopper  is  perforated  by  three 
holes  instead  of  two ;  the  third  is  for  a  tube  which  dips  beneath  the  surface 
of  the  copper  solution,  and  is  closed  or  opened  at  pleasure  by  means  of  a 
short  bit  of  india-rubber  tubing  adapted  to  the  air-end  of  the  tube  and 
furnished  with  a  clip ;  the  second  tube,  for  the  outrnshing  ammonia  vapour 
and  steam,  is  also  furnished  with  an  india-rubber  tube,  the  end  of  which 
dips  under  the  surface  of  a  considerable  bulk  of  acidulated  water,  and  is 
furnished  with  a  Bunsen  valve  to  prevent  any  back-rush.  The  use  of  the 
latter  tube  is,  of  course,  to  condense  the  ammonia- vapour,  so  that  the 
operator  is  not  inconvenienced.  The  use  of  the  extra  tube  is  to  more 
accurately  hit  the  end  reaction — to  do  this,  directly  the  decolorisation  of 
the  copper  solution  is  complete,  the  flame  is  removed  and  the  clip  opened  f 
as  the  flask  cools,  air  passes  in  a  stream  of  bubbles  through  the  liquid ;  if 
the  point  has  been  exactly  reached,  the  blue  colour  reappears  after  a  very 
few  seconds,  but  if,  on  the  contrary,  too  much  sugar  solution  should  be 
run  in,  a  longer  time  elapses.1    By  standardising  the  copper  solution  by 

1  It  has  been  proposed  to  exclude  the  air  by  a  layer  of  paraffin  of  high  boiling  point. 
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pure  glucose,  and  working  so  that  after  complete  decolorisation  a  certain 
number  of  seconds  elapse,  before  the  blue  colour  reappears,  and  taking 
with  unknown  solutions  the  same  number  of  seconds,  a  high  degree  of 
accuracy  is  attainable.  It  is,  of  course,  obvious  that  the  sugar  solution  to 
be  tested  must  be  very  dilute — viz.,  from  *i  to  *8  per  1000.  A 
preliminary  experiment  must  first  be  made,  and  then  the  solution  so 
diluted  that  from  6  to  10  c.c.  are  required  to  decolorise  10  of  animoniacal 
copper. 

The  foregoing  table,  taken  from  Dr.  Pavy's  original  paper,  may  be 
useful. 

(3.)  Physical  Processes  for  the  Determination  of  Sugar. 

The  saccharimeters  in  use  are  numerous;  for  the  food  analyst,  the 
most  useful  are  the  larger  instruments,  which  admit  of  the  use  of  tubes 
up  to  500  mm.,  for  in  this  way,  and  in  this  way  only,  can  solutions  con- 
taining 0  5  per  mil.  of  sugar  be 
physically  estimated.  Mitscherlich's 
polariscope  (see  fig.  20)  consists  of  a 
stationary  NicoPs  prism  in  a,  a  plano- 
convex lens  in  by  and  a  rotating 
NicoPb  prism  r.  The  first  prism 
polarises  the  light,  and  the  use  of  the 
second  is  to  indicate  the  plane  of  the 
polarised  ray  coming  from  the  first. 
The  second  prism  is  therefore  set  in 
a  graduated  circle,  d  d,  and  is  pro- 
vided with  an  index,  /,  and  there  is  a 
handle,  e,  which  turns  both  prism  and 
index.  If  the  index  be  either  at  0° 
or  180°,  and  an  observer  look 
through  the  tubes  towards  the 
source  of  light,  the  flame  is  seen 
divided  by  a  vertical  line  into  two 
equal  parts;  if  now  the  tube,  sup- 
plied with  the  instrument,  be  filled 
Fig.  20.  with  the  liquid  to  be  examined,  and 

interposed  between  the  lens  and  the 
second  prism,  should  it  contain  sugar  or  other  polarising  substance,  the 
black  stripe  is  no  longer  in  the  middle  of  the  field,  and  the  handle  moving 
the  index  and  prism  must  be  turned  until  the  black  stripe  is  seen ;  or,  if 
the  stripe  is  broad  and  undefined,  the  prism  is  turned  until  the  exact  point 
is  reached  in  which  blue  changes  into  red — the  index  at  this  point  marking 
the  amount  of  the  polarisation  by  the  scale  and  the  direction ;  for  if  the 
index  has  to  be  turned  to  the  right,  the  polarisation  is  + ,  or  right-handed  ; 
if  to  the  left  - ,  or  left-handed. 

In  order  to  make  this  quantitative,  and  to  estimate  the  specific  rotation 
of  a  sugar  (i.e.,  the  number  of  degrees  of  rotation  observed  when  1  grm.  of 
the  sugar  is  dissolved  in  1  c.c.  of  fluid  and  observed  by  yellow  light  through 
a  tube  1  decimetre  long),  it  is  necessary  to  dissolve  a  known  weight  of  the 
pure  sugar  in  water ;  then  if  the  length  of  the  tube  be  known,  and  the 
♦■emperature  of  the  solution  and  the  rotation  be  observed,  all  the  necessary 
\ta  are  obtained.    For  example,  let  the  rotation  =  a,  the  length  of  the 
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tube  in  decimetres  =1,  the  weight  of  substance  in  1  c.c  of  fluid  then 
the  specific  rotation  for  yellow  light — 

Provided  there  be  only  one  sugar  in  the  fluid  under  investigation,  the 
specific  rotation  of  which  is  known,  the  weight  of  the  sugar  in  1  c  0.  of  the 

fluid  is  estimated  by  the  following  formula:  Psr^Jj^  where  a  equals  the 

observed,  and  (a)  the  specific  rotation.  It  is  convenient  to  take  the 
reciprocal  of  (a)  =  r,  then  the  formula  for  1  decimetre  tube  is  simply  /*» 
r  x  a.    For  example,  taking  the  sp.  rotatory  power  of  cane  sugar  as  66*5, 

then  the  reciprocal  =       =  1  '504,  and  an  angular  deviation  of  2°  would 
oo'O 

equal  3  per  cent,  of  sugar,  for  2  x  1  504  =  3*008,  or,  if  the  200  mm.  tube  is 
taken,  the  reciprocal  is  '75,  the  polarisation  would,  in  such  a  case,  be  4°,  and 
4  x  -75  =  3  0. 


Table  X.— 8howtng  the  Rotatory  Power  of  the  Carbo-hydrates. 


Substance. 


Divisor  to  get  ! 
grnis.  per 

100  c.c.  I 


Specific  Rotatory  Power 
(absolute). 


Specific  Rotatory 
Power  reduced 
to  the  Common 
Divisor,  3*86. 


D. 

[*. 

Reciprocal. 

Dextrin, 

3  95 

+  198*9° 

•602 

+  194  4° 

Sucrose, 

3-85 

+  665 

1  504 

+  66-8 

Maltose, 

3*92 

+  138-0 

724 

+  135*9 

Lactose  (anhyd. ),  . 

399 

+  55*4 

1-805 

+  53-6 

Lactose  (cryst. ), 

3*99 

+  52  6 

1-901 

+  50-9 

Dextrose, 

3-83 

+  51-3 

1-950 

+  51-7 

Levulose, 

3-93 

-  95-4 

1048 

-  937 

Invert  sugar, 

3-88 

-  22*0 

4  545 

-  21-9 

The  readings  may  be  converted  into  (a)j  by  simply  multiplying  by  the 
factor  rill ;  thus  the  reading  for  (a)D  dextrose  x  Mil  equals  56*9,  or  prac- 
tically 57. 1  If  the  specific  rotatory  power  given  is  to  be  reduced  to  the 
common  divisor  3*86  this  is  effected  by  dividing  the  given  number  in  Table  X. 
by  the  factor  in  column  headed  D  and  multiplying  by  3*86.    Thus,  if  51*3 

,     ,    ,                                          ,      +51-3°  x  3-86 
be  taken  as  the  absolute  optical  activity  of  dextrose,  then  —   =» 

+  51-7°. 

Soleil'8  Saccharimeter  (see  Plate)  consists  of  three  essential  parts,  two  of 
which  are  fixed  (fig.  1),  AB  and  CD,  the  other  movable,  which  is  inserted 

1  The  factor  1*111  is  not  absolutely  correct  for  all  sugars  and  concentrations. 
Brown,  Morris,  and  Millar  {Joum.  Chem.  Soc  {Trans.),  1897,  93)  give  the  following 
factors  for  converting  [a]D  Biot  into  [a]j 


Cane  sugar, 
Maltose, 

Dextrose, 


Per  cent. 
.  10 
10 
5 

.  10 


FactJr. 
1-107 
1  113 
l'lll 
1*115 


Dextrose, 
Starch  products, 


Per  cent.  Factor. 

5  1*111 

.      10  1-111 

5  1-111 
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between  B  and  C    Sometimes  the  tube  BC,  20  centimetres  long  (fig.  2), 
and  sometimes  the  tube  B'C  (fig.  3),  22  centimetres  long,  furnished  with 
a  thermometer,  T.    These  tubes  are  destined  to  contain  the  saccharine 
solutions,  the  value  of  which  is  to  be  determined. 
The  movable  parts  are — 

(1.)  The  small  movable  tube  UD  (fig.  1),  carrying  the  eyepiece,  which  focuses  by 
drawing  in  and  out. 

(2.)  The  little  button  V  (fig.  4),  serves  to  adjust  the  zero  of  the  scale  with  the  zero 
of  the  indicator. 

(3.)  The  large  milled  screwhead  on  the  vertical  axis  H  (fig.  1),  by  which  is  rendered 
uniform  the  tint  observed. 

(4.)  The  milled  ring  B  (figs.  1  and  2),  by  the  aid  of  which  they  give  to  this  same  tint 
the  colour  which  lends  itself  best  to  a  precise  valuation. 

(5.)  Lastly,  the  divided  scale  RR  (fig  4),  on  which  is  read  the  number  giving  the 
richness  of  the  sugar  under  examination. 

The  details  of  operating  are  as  follows: — The  lamp  is  adjusted  so 
that  its  light  traverses  the  axis.  A  tube  similar  to  that  which  contains 
the  saccharine  solution  is  filled  with  pure  water,  and  is  adjusted  in  the 
place  provided  for  it  between  the  ocular  and  objective  portion.  Then 
applying  the  eye  at  D  (fig.  1),  the  tube  DD'  is  either  pushed  out  or  in, 
until  the  field  is  seen  divided  into  two  equal  halves,  coloured  with  one  and 
the  same  tint,  or  two  different  tints  separated  from  each  other  by  a  black 
line,  which  should  be  very  sharply  defined.  If,  as  generally  happens,  the 
two  half-discs  have  not  the  same  tint  or  shade,  the  large  horizontal  button 
H  is  turned  either  way  until  the  desired  result  is  obtained. 

It  is  not  only  necessary  that  the  two  half-discs  should  have  the  same  tint 
or  colour,  but  in  order  to  be  extremely  exact,  that  tint  should  be  the  one  most 
sensible  to  the  eye  of  the  observer  ;  and  as  all  eyes  are  not  equally  sensible 
to  the  same  tint,  the  proper  colour  must  be  found  by  experiment. 

The  zero  line  on  the  scale  must  coincide  exactly  with  the  black  line  of 
the  indicator  I  (fig.  4).  If  the  coincidence  is  not  perfect,  it  may  be 
established  by  turning  either  way  the  little  button  V  until  this  is 
accomplished. 

The  instrument  once  adjusted,  the  examination  of  the  sugar  may  be 
commenced. 

The  tube  BC,  filled  with  the  saccharine  solution,  is  substituted  for  that 
filled  with  water,  or  if  an  inverted  sugar  is  taken,  then  B'C'  is  filled.  On 
now  looking  through  the  instrument,  it  is  seen  that  uniformity  of  tint  no 
longer  exists,  and  that  the  two  half-discs  are  coloured  by  different  shades. 
The  uniformity  is  re-established  by  turning  the  large  horizontal  button  H 
until  the  two  half-discs  are  again  uniform. 

As  the  saccharine  solution  is  mostly  coloured,  the  uniform  tint  re- 
established is  not  in  general  the  sensible  tint  to  which,  however,  it  is 
necessary  to  return,  and  which  the  colour  of  the  solution  has  caused  to  disap- 
pear.   The  milled  head  B  is  then  turned  to  cause  the  sensible  tint  to  re- 
appear ;  this  tint  returned,  the  equality  of  shade  of  the  two  half-discs,  if  not 
quite  perfect,  must  be  made  so  by  turning  again  H.    It  now  only  remains 
to  read  the  degree  on  the  scale  RR',  to  which  the  index  answers ;  the 
number  corresponding  to  this  degree  gives  immediately  in  lOOths  the  titre, 
or  the  richness  of  the  solution,  provided  the  normal  weight  has  been  dissolved. 
The  preparation  of  the  saccharine  solutions  is  as  follows : — 
(1.)  Normal  Solutions  of  Pure  Sugar. — 16*26  grms.  of  pure  sugar  are 
>lved  in  water,  the  volume  made  up  to  100  c.c,  and  observed  in  a  tube 
as.  in  length ;  marks  100  degrees  on  the  saccharimeter. 
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(2.)  The  Raw  Swjar  of  Commerce. — 16*26  grins,  of  the  sugar  are 
powdered  and  dissolved  in  water,  and  the  whole  made  up  to  100  c.c. ;  if  the 
solution  is  too  dark,  it  may  be  clarified  by  sugar  of  lead.  The  tube  BC  is 
filled  with  the  solution  thus  prepared  and  adjusted. 

(3.)  The  next  operation  is  to  invert  the  sugar.  5  c.c.  of  fuming  HC1 
are  added  to  50  c.c.  of  the  sugar  solution,  and  heated  in  the  water-bath  up 
to  68°  C. ;  when  that  temperature  is  reached,  the  solution  is  put  in  the  tube 
1>'C,  its  rotating  power  (which  is  now  inverse)  observed,  and  at  the  same 
time  the  temperature  at  the  moment  of  the  observatiou. 

Inversion  of  Cane  Sugar  by  Invertase. — It  is  recommended  in  all  cases 
in  which  other  sugars,  inulins,  starches  and  glucosides  are  present  to  invert 
with  invertase,  because  inversion  by  acids  also  acts  upon  the  bodies 
mentioned.  The  only  sugars  inverted  by  invertase,  besides  cane  sugar, 
are  raffiuose  aud  gentianose,  both  of  which  bodies  can  easily  be  detected 
by  their  optical  properties. 

Invertase  may  be  prepared1  by  allowing  brewers' yeast  to  liquefy;  this 
it  does  if  kept  at  ordinary  temperatures  for  a  month  or  longer ;  the  liquid 
filtered  through  a  cloth  has  high  hydrolytic  power.  Invertase  may  be  pre- 
cipitated by  alcohol  with  some  loss  of  activity.  £.  Bourquelot 2  shakes  a  top 
fermentation  yeast  with  95  per  cent,  alcohol,  allows  the  mixture  to  stand  for 
thirty  minutes,  drains  off  the  liquid  and  dries  the  residue  at  30*.  One  grm. 
of  this  product,  triturated  with  100  c.c.  of  water,  saturated  with  thymol 
and  filtered,  yields  an  active  solution  preserving  its  properties  for  a  week. 

To  invert  with  invertase  a  small  quantity  is  added  to  the  liquid,  which 
must  be  slightly  acid  and  contain  no  alcohol.  The  liquid  is  then  kept  at 
50°  C.  for  three  to  five  hours.  The  liquid  is  then  heated  to  100*  C.  to  destroy 
the  invertase,  and  its  polarimetric  and  reducing  properties  investigated. 
Instead  of  invertase,  a  small  quantity  of  yeast  may  bo  added  direct,  and  the 
liquid  kept,  as  before,  at  50°  for  some  hours.  From  the  ]>olarimetric  readings 
before  and  after  inversion,  the  amount  of  sugar  may  be  readily  found  by 
tables,  such  as  those  of  M.  Clerget,  or  by  the  formula  as  below. 

Supposing  the  number  given  by  the  first  observation  is  75,  by  the 
second  (inverted)  21,  at  a  temperature  of  12°  C,  the  sum  of  the  two  numbers 
(75  +  21)  makes  96.  Now,  on  referring  to  M.  Clerget's  table,  under  12°, 
or  in  the  third  column  corresponding  to  the  temperature  of  1 2°,  the  nearest 
number  to  9G  is  in  this  instance  93  6  ;  the  horizontal  line  in  which  95*6  is 
placed  is  followed,  and  there  is  found,  first,  in  the  column  A,  the  figures 
70  per  cent,  of  pure  crystalline  sugar;  secondly,  in  the  column  B,  the 
figures  114*45,  placed  by  the  side  of  70,  which  indicates  that  the  saccharine 
solution  examined  contains  per  litre  114*45  grms.  of  pure  sugar.  If, 
however,  as  sometimes  happens,  the  solution  contains  a  polarising  substanoe 
not  modified  by  acids,  in  such  a  case  the  difference  of  the  two  numbers,  and 
not  the  sum,  is  to  be  taken  and  dealt  with  as  before.  It  is  scarcely  necessary 
to  remark,  that  if  the  substance  is  known  to  contain  only  crystallisable 
sugar,  and  the  tube  BC  be  filled,  one  observation  alone  suflices. 

If  tables  are  not  at  hand,  the  following  formula  can  be  used  : — Let  T 
be  the  temperature,  S  the  sum  or  difference  of  the  two  determinations,  P 
the  rotatory  power,  It  the  quantity  of  sugar  contained  in  1  litre  of  the 
solution : — 

„     200S       p    Fx  16-350    t>    1  .£qk 

1     288^T     E"       10  =  Pxl'635g™8- 

1  O'Sullivan  and  Thompson,  Journ.  Chem.  Soc.  {Trans.),  1890. 
3  Journ.  Piiar ni.  Chim.,  1901,  xiv.,  481-487. 
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Professor  Jelletfs  instrument  is  a  little  more  elaborate  than  Soleil's, 
and  of  great  accuracy.  The  eyepiece  or  analyser  of  the  apparatus  consists 
of  a  suitably  mounted  prism,  made  from  a  rhombic  prism  of  Iceland  spar. 
The  rhombic  prism  is  cut  by  two  planes  perpendicular  to  the  longitudinal 
edges,  so  as  to  form  a  right  prism.  The  prism  is  next  divided  by  a  plane 
parallel  to  the  edge  just  produced,  and  making  a  small  angle  with  the 
longer  diagonal  of  the  base.  One  of  the  two  parts  into  which  the  prism 
is  thus  divided  is  then  reversed,  so  as  to  place  the  base  uppermost,  and 
the  two  parts  are  connected  together. 

Another  distinctive  feature  of  the  instrument  is,  that  the  mechanical 
rotation  of  the  analyser  for  the  finding  of  any  particular  plane  is  dispensed 
with,  this  function  being  transferred  to  a  fluid  which  has  the  power  of 
turning  the  plane  of  polarisation  opposite  to  that  of  the  solution  to  be 
examined.  The  analysing  tube  slips  into,  and  moves  up  and  down  in,  the 
compensating  fluid,  so  that  different  thicknesses  of  the  latter  fluid  can  be 
readily  interposed  and  measured  by  a  scale  fixed  to  the  instrument. 

The  Saecharimtore  a  Penombrh,  of  which  the  principle  was  enunciated 
by  M.  Jellet,  as  constructed  by  M.  Duboscq,  has  some  very  great  ad- 
vantages. It  requires  the  employment  of  a  simple  light,  and  the  field 
does  not  present  to  the  eye  for  comparison  two  different  colours,  but  two 
intensities,  sensibly  diverse,  of  one  and  the  same  colour,  so  that  the  least 
variation  can  be  appreciated.  The  simple  light  is  best  obtained  by  the  in- 
sertion of  a  bead  of  some  salt  of  soda  on  a  platinum  wire  in  the  flame  of  a 
Bunsen  burner.  Landolt's  with  Lippich's  polariser  and  Laurent's  half-shadow 
are  all  excellent  instruments,  and  suitable  for  the  purposes  of  the  analyst. 

The  polarising  instruments  in  use  are  in  France,  Laurent's  half- shadow, 
and  in  Germany  Landolt's  as  constructed  in  numerous  varieties  by  Schmidt 
and  Haensoh ;  in  this  country,  probably,  the  latter  class  of  instrument  is 
the  most  common.  Lippich  has  invented  an  instrument  in  which  the 
visual  field  is  divided  into  three  parts ;  this  is  effected  by  placing  behind 
a  large  Nicol  prism  two  half  prisms  symmetrically  disposed ;  one  of  the  half 
prisms  is  fixed,  the  other  can  be  rotated  (Zeit.  /.  InstrumentTcunde, 
1894,  xiv.  326).  The  saccharimeter  scales  are  not  identical.  In  the 
German  instruments,  the  normal  weight  of  sugar  is  26  048  grms.  in 
100  c.c.  of  water  at  17*5— in  the  modern  French  instruments  16  35  ;  some 
instruments,  e.g.,  Laurent*  have  angular  degrees  and  sugar  divisions 
marked  on  the  same  circular  disc.  The  analyst,  who  has  to  assay  sugar, 
finds  sugar  divisions  convenient,  but  the  public  analyst  has  more  frequently 
to  estimate  the  percentage  of  sugar  in  solution  than  to  assay  the  sugar. 

As  a  rule,  the  most  frequent  determination  is  the  percentage  of  cane  or 
other  sugars  in  a  liquid;  it  is  useful,  therefore,  to  give  the  following 
relations : — 


Values  of  Polarising  Instruments. 


Sugar  Scale 
1  Division 

Angular 
Decrees 

Angular 
Degrees 

Cane  Sugar 
corresponding 
to  1  Division. 

German  Instruments  :  Schmidt  and 
Haensch,  Ventze-Scheiber,  etc.,  . 
Soleil  Duboscq,  .... 
Wild,  

1 

1 
1 
1 

-3468 
'2175 
•1381 
•2167 

•3840 
•2408 
•1473 
•2399 

•26048 
•1635 
•10 
•1627 

§  74.]  CONFECTIONERY.  1 2 1 

Polarising  instruments  may  be  standardised  by  plates  of  quartz,  accur- 
ately ground,  of  known  thickness.  The  amount  of  right-  or  left-handed 
rotation  of  1  mm.  quartz  for  [a]D  is  2T670,  for  [a]j  is  24°. 

Confectionery, — Sweetmeats. 

§  74.  It  would  take  many  pages  to  describe  the  composition  of  the 
various  kinds  of  sweetmeats  in  commerce :  the  basis  of  all  is  either  cane 
or  grape  sugar,  or  honey,  flavoured  with  appropriate  essences,  and  coloured 
with  various  colouring-matters.  A  great  many  common  sweetmeats  have 
a  most  definite  composition,  and  it  is  evident  that  a  deviation  from  the 
ordinary  process  of  manufacture,  if  it  should  take  the  form  of  sub- 
stituting inferior  articles  for,  or  the  addition  of  matters  giving  weight  to, 
that  which  is  ordinarily  sold,  would  be  an  adulteration.  As  an  example, 
'peppermint  lozenges,'  or  'peppermint  drops/  are  composed  of  albumen, 
cane  sugar,  and  oil  of  peppermint.  None  of  these  ingredients  have  any 
amount  of  mineral  matter,  and  peppermint  lozenges,  when  burnt,  do  not 
leave  as  much  as  "2  per  cent,  of  ash.  Since  they  are  sold  by  weight  it  is 
easy  to  adulterate  them  by  mineral  substances ;  but  such  an  addition 
would  be  most  decidedly  fraudulent,  and  the  analyst  may  justly  certify 
accordingly. 

A  large  proportion  of  the  common  sweets  contain  nothing  else  besides 
sugar,  for  the  manufacturer,  by  careful  heating,  is  able  to  impart  a  quite 
surprising  scale  of  colours,  from  the  purest  white  to  fawn  colour,  straw 
colour,  reddish-brown,  brown  to  almost  a  jet  black,  by  this  process  alone. 

Sugar-Candy  is  simply  crystals  of  sugar  obtained  in  a  particular  way, 
and  is  of  all  colours — from  the  white  candy,  largely  used  for  the  manu- 
facture of  artificial  champagne,  to  all  shades  of  yellow  and  red.  As 
usually  manufactured,  the  purified  sugar  solution  is  concentrated  to  a 
specific  gravity  of  1420  to  1*450,  and  then  run  into  copper  cones,  through 
which  are  passed  a  number  of  threads ;  these  cones  are  heated  with  warm 
air,  and  the  crystallisation  occupies  as  much  as  from  eight  to  fourteen 
days.    The  composition  of  white  candy,  made  from  pure  loaf-sugar,  is  as 


follows : — 

Per  cent. 

Crystallisable  sugar,  80*00 

Uncrystallisable  sugar,  Traces. 

Ash,  O'O 

Water,  20*00 


The  coloured  candies  may  contain  some  mineral  matter,  and  a  good 
deal  of  uncrystallisable  sugar ;  copper  may,  as  an  impurity,  be  present. 


Composition  of  Sweetmeats  Generally. 

Toffy. — Toffy  is  made  by  melting  sugar  with  butter.  The  latter  sub- 
stance is  readily  extracted  by  ether  and  other  fat  solvents. 

The  ice-coating  of  cakes  is  composed  of  white  sugar  and  albumen. 
Mazzipan  is  made  with  sugar  and  almond  paste. 

A  great  many  sweets  are  acidulated  with  citric  acid,  and  a  few  have 
cavities  within  them,  supposed  to  contain  alcohol,  but  more  often  a  little 
sjrup.    Gum  tragacan th,  citric  acid,  fruit  sugar,  duwtate, 
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fatty  and  flavouring  matters,  with  the  following  colouring-matters,  make 
up  the  ingredients  of  the  confectioner's  shop : — 

Red.— Cochineal,  the  juice  of  beet  and  of  red  berries,  such  as  cherries, 
currants,  and  others.  Rhodamine  (French  cream  pink).  Concentrated 
pink,  which  is  a  mixture  of  rosaniline  hydrochlorate,  with  milk  sugar,  or 
starch.  Fuchsine.  Rhodites,  which  is  the  hydrochlorate  of  the  phthalein  of 
di-ethyl-meta-amido-phenol.  Cherry  red,  which  is  the  sodium  salt  of  tetra- 
iod-fluorescein.    Ponceau  red  (Biebrich  or  crocein  scarlet). 

Yellow. — Saffron,  safflower,  turmeric,  marigold,  Persian  berries.  Saffron 
yellow,  which  is  the  sodium  salt  of  amido-azo-benzene  sulphonic  acid. 
Primrose  yellow  (auramine).  Imperial  yellow  (ammonium  or  sodium  salt 
of  hexa-nitro-di-phenylamine).  Citron  orange  (sodium  salt  of  xylene- 
sulphonic  acid-  azo-/?-naphthol). 

Blue  and  Violet — Indigo,  litmus,  heliotrope  (Hofmann's  violet);  also 
mixtures  of  Hofmann's  violet  are  sold  under  the  name  of  *  lavender '  and 
'damson  blue.' 

Green. — Spinach  juice  and  mixtures  of  yellow  colours  with  blue. 
Black. — Chinese  ink,  aniline  blacks  and  browns.1 

Analysis  of  Sweetmeats. 

§  75.  The  analyst  will  naturally  first  turn  his  attention  to  the  percent- 
age of  sugar,  and  estimate  the  total  amount  in  the  usual  way ;  and,  if 
necessary,  investigate  by  optical  and  chemical  means,  whether  there  is 
more  than  one  kind  of  sugar  present.  The  essential  oils  may  be  dissolved 
out  by  petroleum  ether,  and  identified  by  their  odour ;  but  the  colouring- 
matter  will,  for  the  most  part,  be  the  chief  substance  necessary  to  examine. 
If  the  colouring  is  only  on  the  external  surface,  it  is  better  to  detach  it  by 
scraping  or  rasping  than  to  powder  the  whole  substance  up,  for  if  the 
colour  is  carefully  detached  as  pure  as  possible,  tests  may  sometimes  bo 
directly  applied  without  any  further  trouble.  The  colour  by  treatment 
with  alcohol,  with  water,  and  with  bleaching  powder,  is  quickly  referred 
either  to  the  organic  or  to  the  inorganic  division  of  chemical  substances. 
With  regard  to  organic  colours  generally,  the  reader  may  consult  the 
sections  treating  of  4  Colour, '  where  full  directions  are  given  for  their 
identification.  If,  however,  the  colour  is  apparently  inorganic,  then  the 
following  substances  may  be  particularly  tested  for : — 
Among  red  colours — iron; 

„      yellows — chr ornate  of  barium,  and  lead  compounds,  arsenic  and 
antimony  ; 

„      gbbbn — arsenic,  copper ; 

„  blue — Prussian  blue; 

„  white — sulphate  of  barium,  salts  of  zinc. 
A  weighed  portion  of  the  scraped-off  colouring-matter  is  burned  to  an 
ash,  which  is  dissolved  in  hydrochloric  acid,  and  tested  with  hydric 
sulphide,  after  adding  just  sufficient  soda  to  so  neutralise  the  acid  as  to 
leave  only  a  slight  excess.  Under  these  circumstances,  lead,  copper,  or 
zinc,  if  present,  will  be  precipitated;  while,  if  it  is  strongly  acid,  zinc 
would  remain  almost  entirely  in  solution.  Ammonium  hydrosulphide  is 
next  added  to  the  solution,  which  has  been  boiled  and  filtered  from  any 

1  Some  of  the  colours  referred  to  are  taken  from  Mr.  Boseley's  list  of  "Colouring 
Matters  used  in  Confectionery." — Appendix  to  Report  of  Departmental  Committee  on 
the  use  of  Preservatives  and  Colouring- Matters,  1901. 
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precipitate ;  this  reagent  will  throw  down  iron,  manganese,  etc.  To  test 
for  chromium,  it  is  best  to  boil  the  colouring-matter  with  a  solution  of 
carbonate  of  potassium,  when  potassic  chromate  will  be  formed,  which 
gives,  in  neutral  solutions,  a  purplish  precipitate  with  nitrate  of  silver. 
Barium  is  easily  detected  by  fusing  the  ash  with  carbonate  of  soda, 
powdering  the  mass  in  a  mortar,  lixiviating  with  hot  water,  and  treating 
the  insoluble  portion  left  with  hydrochloric  acid,  and  to  the  acid  solution 
adding  a  little  hydric  sulphate;  a  heavy  characteristic  precipitate  of 
barium  sulphate  is  thrown  down.  If  barium  is  present,  it  may  exist  with 
•evidences  of  chromium,  in  which  case,  in  all  probability,  the  colouring- 
matter  was  chromate  of  barium,  or  if  the  sweetmeat  is  not  coloured  by 
barium  chromate,  baryta  sulphate  may  have  been  added  simply  to  give 
weight.  Arsenic  is  tested  for  as  more  fully  described  poet,  but  a 
preliminary  treatment  by  Reinsch's  test  will  give  evidence  of  presence 
or  absence  of  arsenic  or  antimony.  Copper  is  also  best  detected  by 
•electrolysis,  the  substance  being  placed  in  a  platinum  dish,  acidified,  and 
then  a  rod  of  zinc  inserted ;  or,  the  neater  plan  of  connecting  the  dish 
itself  with  a  battery  may,  where  appliances  are  at  hand,  be  preferred. 

Honey. 

§  76.  Commercial  honey  is  the  saccharine  matter  collected  and  stored 
by  one  particular  species  of  bee  (Ajns  mellifica) ;  but  the  production  of 
honey  is  by  no  means  limited  to  the  bee,  for  there  is  a  honey-ant1  in 
Mexico,  which  stores  a  nearly  pure  syrup  of  uncrystallised  sugar.  This  is 
slightly  acid  in  reaction,  and  reduces  salts  of  silver  like  formic  acid.2 

From  determinations  of  the  amount  of  saccharine  matter  in  different 
flowers,  it  has  been  calculated  that  to  make  1  kilogramme  of  honey,  the 
bees  must  visit  from  200,000  to  500,000  flowers. 

A  wasp  of  tropical  America  is  said  to  yield  a  honey  in  which  are  found 
•crystals  of  cane  sugar,  but  the  evidence  as  to  this  latter  point  is  not 
decisive.8  A  curious  sample  of  honey  has  been  analysed  by  A.  Villiers.4 
It  was  derived  from  Ethiopia,  and  is  the  produce  of  an  insect  resembling 
a  large  mosquito,  which,  like  our  wasp,  makes  its  nest  in  cavities  in  the 
ground.  It  secretes  no  wax.  The  natives  call  the  honey  'tazma,1  and 
ascribe  to  it  medicinal  virtues,  especially  using  it  as  a  cure  for  sore  throat. 
Its  composition  is  as  follows  : — 

Per  cent. 


Water,   25*5 

Fermentable  sugar  (levulosc  with  a  sixth  of  glucose  in  excess),  32*0 

Mannite,   3*0 

Dextrin   27*9 

Ash,   2  5 

Loss  and  1111  estimated,   9'1 


The  honey  contained  a  non-nitrogenous  bitter  principle. 

The  essential  constituent  of  honey  is  a  mixture  of  dextrose  and 
levulose ;  it  also  contains  mannite,  wax,  formic  and  other  organic  acids, 
pollen,  not  unfrequently  alkaloidal  and  bitter  principles  from  the  plants, 

1  The  Aftprinecocystus  Mcxicanus.  There  are  two  kinds  of  workers — one  the  active 
form,  the  other  sedentary — which  produce  the  honey.  The  latter  is  the  larger,  and  has 
a  tumid  abdomen ;  it  never  quits  the  nest.  The  honey  is  discharged  into  proper 
receptacles,  and  from  it  the  Mexicans  make  a  pleasant  drink. 

*  H.  Marsten,  Pogg.  Ann.,  c,  550. 

»  G.  M.  Wetherell,  Chem.  Qaz.,  1853,  72. 

4  Compt.  Rend.,  lxxxviii.,  292,  293. 
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possibly  derived  from  the  pollen,  small  quantities  of  cane  sugar,  of 
mineral  matter,  and  invariably  minute  quantities  of  alcohol. 

The  properties  of  dextrose  and  levulose  have  been  already  described. 
The  other  saccharine  constituent  of  honey — mannite,  C,jH140G — crystallises 
in  four-sided  prisms,  is  soluble  in  80  parts  of  alcohol  of  specific  gravity 
0*898,  and  in  1400  parts  of  absolute  alcohol *  in  boiling  alcohol  it  is  more 
soluble,  but  in  ether  it  is  quite  insoluble,  and  may  be  precipitated  from 
alcoholic  solution  by  ether.  It  has  no  action  on  polarised  light.  Its  melt- 
ing point  is  from  160°  to  165°  C. ;  at  200°  C.  it  boils,  and  may  be  distilled, 
a  portion  being  decomposed  ;  at  higher  temperatures  it  carbonises.  It  does 
not  reduce  cuprous  oxide.  All  these  properties  readily  distinguish  it  from 
the  other  sugars.  Chemically  speaking,  mannite  is  a  hexatomic  alcohol. 
Mannite  may  be  separated  from  honey  by  boiling  a  weighed  quantity  of 
the  honey  with  alcohol,  evaporating  down  the  alcoholic  extract  to  dryness, 
and  boiling  this  extract  with  absolute  alcohol,  concentrating  the  alcohol 
solution,  and  precipitating  with  ether. 

Dr.  Brown  has  published  some  analyses  of  honey,  in  which  the  different 
sugars  have  been  identified ;  the  general  results  of  six  of  his  samples  may 
be  thus  stated  :  — 

Per  cent. 

Water  (expelled  at  100°),  18  "07 

Water  expelled  at  a  much  higher  temperature  and  loss,       .     7 '99 

Levulose,  86  22 

Dextrose,   37*58 

Ash,  -14 

100-00 

The  chief  results  of  twenty-five  analyses  made  by  Mr.  Hehner 1  of  honey 
believed  to  be  genuine,  are  as  follows  : — 

Mean  of  the  twenty- 
five  samples. 
Per  cent 
188 
67*85 
1335 


Moisture, 
Glucose, 
Difference, 
o 


v       Glucose  after  fermenta 
a  S  *sLj£» )  tion, 
8  |  S  g  1  Total  solids  after  fer 
S     S     (  mentation, 
In  five  of  the  twenty-five  samples, 
polarisation 

In  one  sample,  polarisation  . 
In  one  sample  very  crystalline, 
In  the  remaining  eighteen,  . 


1-24 
6*04 

=  +  1° 

=  -  r 
=  -n° 
o 


Maximum. 

Minimum. 

Per  cent. 

Per  cent. 

23*04 

15*09 

75*34 

61-42 

19*17 

8-48 

2-36 

nil. 

7*67 

4-30 

Five  samples  which  were  considered  adulterated  yielded  the  following 
values  : — 

1.          2.  3.  4.  6. 

Moisture,                                  17*54    18*68  21*23  18*90  21*25 

Glucose,                                   48*45   49  66  58*32   

Difference,       ....    34*01   31*66  20*45   

Glucose  after  inversion,    .       .    43*33  48*77   

10  per  cent,  solution  polarises  .     +50°    +35°  +15°    +35°  +33° 

Glucose  after  fermentation,       .     9  02     7*59  3*69     5*98  5*15 

Total  solids  after  fermentation,     31*45   25*83  53*29  23*36  18*38 

Difference,       ....    22*43    17*74  49*60  17*38    13  23 
10  per  cent,  solution  polarises 

after  fermentation,       .       .     +30°    +28°  +  7°    +16°  +10* 

1  Amlyat,  April,  18fc4. 
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Dr.  E.  Sieben 1  has  published  analyses  of  sixty  samples  of  honey  which 
he  believed  to  be  perfectly  genuine.    The  general  results  are  as  follows : — 


The  chief  adulteration  of  honey  is  the  addition  of  starch  sugar  in  the 
form  of  syrup.  Cane  sugar  may  be  also  found,2  and  mineral  adulterations 
are  possible. 

Ernst  Beckmann  (Zeit.  /.  analytische  Chernie,  1896,  263)  has  shown 
that  if  methyl  alcohol  be  added  to  pure  honey  solution,  there  is  no  separa- 
tion of  dextrin  IxxHes ;  and  it  is  probable  that  the  dextrin  which  may  be 
in  natural  honey  is  a  differeut  dextrin  to  that  which  is  the  result  of  the 
hydrolysis  of  starch  by  acids. 

He  has  applied  this  fact  to  the  testing  of  honey  for  the  addition  of 
glucose  as  follows: — 

To  5  c.c.  of  a  20  per  cent,  solution  of  honey  are  added  3  c.c.  of  a  2  per 
cent,  hydrate  baryta  solution  and  then  17  c.c.  of  methyl  alcohol.  On  shaking 
the  mixture,  pure  honey  remains  clear  or  only  slightly  turbid.  On  the 
other  hand,  should  the  honey  be  adulterated  with  either  glucose  syrup  or 
glucose  there  is  a  marked  precipitate. 

The  same  author  has  attempted  to  found  a  quantitative  process  on  the 
weight  of  the  compound  of  dextrin  and  baryta  separated,  but  this  latter 
process  abounds  with  too  many  errors  to  be  useful  to  the  food  analyst.  It 
may  happen  that  from  the  presence  of  phosphates  and  sulphates  baryta 
gives  a  precipitate  alone. 

In  this  case  these  must  first  be  separated. 

Mr.  Hehner  determines  the  moisture  at  100  V.  The  glucose  is  estimated 
by  Fehling's  solution — both  before  and  after  inversion ;  the  inversion  is 
produced  by  heating  with  10  per  cent,  of  hydrochloric  acid  to  about  70°. 
The  rotatory  power  of  a  10  per  cent,  solution  is  determined  both  before 
and  after  fermentation.3  The  fermentation  is  produced  in  a  10  per  cent, 
solution  by  the  addition  of  a  little  yeast,  the  vessel  being  kept  iu  an  in- 
cubator at  30°C.  for  from  five  to  six  days ;  this  operation  might  be  made 
more  speedy  by  fermenting  in  a  vacuum  with  plenty  of  yeast,  as  suggested 
by  Boussingault.  After  fermentation,  the  solid  matter  is  determined  and 
subtracted  from  the  percentage  of  glucose  left  unfermented.  The  pro- 
portion of  unfermentable  matter  should  be  no  larger  than  would  be 
yielded  by  a  pure  glucose  solution  after  fermentation,  viz.,  about  5  per 
cent. 

A  pure  honey  has  the  following  characters : — The  moisture  does  not 

1  "Ucber  die  Zusammensetzung  des  SUirkezuokcrsyrups,  des  Honigs,  u.  iiber  die 
Verfalschungen  des  letzercn."    Zcitschrifl  der  llubenzuckcr  Ind.,  1884,  837. 

a  It  is  doubtful  whether  cane  sugar  occurs  in  pure  honey,  for,  although  Sieben  gives 
8*22  per  cent,  of  cane  sugar  as  a  possibility  in  pure  honey,  he  yet  returns  a  honey 
containing  7  per  cent,  of  cane  sugar  as  adulterated,  two  statements  that  cannot  be 
reconciled. 

s  The  honey  derived  from  flowers  turns  a  ray  of  light  to  the  left,  that  from  conifers 
to  the  right ;  it  is  obvious  that  honey  derived  from  both  8\>eeies  of  \A&\\t&  naa.^  %&tat 
have  no  influence  on  light,  or  deviate  right  or  left,  according  to 


Mean. 


Maximum.  Minimum. 


24*95  16*28 

4471  22  23 

49  26  32-16 

79*57  69-96 

8  22*  0-00 

81-74  70*20 

8372  75-05 

8-02  1-29 
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exceed  23  per  cent.  The  percentage  of  glucose  before  and  after  inversion 
is  about  the  same.  The  unfermentable  matter  should  not  exceed  8  per 
cent.  The  polarising  power  of  a  10  per  cent,  solution,  both  before  and 
after  fermentation,  should  be  very  small  or  nil 

There  should  be  only  a  slight  precipitate  with  cither  alcohol  or  baric 
chloride.  The  ash  always  contains  from  '01  to  035  per  cent,  of  P2Oa. 
The  ash  from  honey  made  from  glucose  larger  quantities.  The  ash  of  pure 
honey  is  always  alkaline,  that  made  from  glucose  neutral. 

There  is  an  artificial  honey  in  the  market,  sold  as  such,  that  consists  of 
dextrose  and  levulose,  and,  according  to  Hehner,  can  only  be  distinguished 
from  genuine  honey  by  the  entire  absence  of  phosphoric  acid  from  the  ash.1 

A  curiosity  of  food  is  a  commercial  American  artificial  honey,  which  is 
entirely  composed  of  glucose  syrup,  while  the  comb  is  also  artificial,  and 
made  of  paraffin.  The  appearance  of  both  comb  and  syrup  is  said  to  be 
superior  to  that  of  natural  honey.  It  is  not  probable  that  this  artificial 
honey  will  be  met  with ;  if  there  should  \>c  any  suspicion  that  the  comb  is 
artificial,  the  presence  or  absence  of  paraffiu  is  easily  ascertained.  Pure 
bees'- wax  melts  at  62°  to  65  °C.  Its  specific  gravity  is  -962 ;  it  contains 
cerotic  acid,  myricine,  us  well  as  ceroleine ;  and,  like  other  fatty  matters, 
it  is  attacked  and  blackened  by  warm  sulphuric  acid.  Paraffin,  on  the 
contrary,  remains  unacted  upon,  so  that  this  test  alone  will  suffice  either 
to  detect  paraffin  when  pure,  or  to  separate  it  from  other  matters,  such  as 
waxes  and  fats,  which  are  carbonised  by  sulphuric  acid 

§  77.  Treacle,  Golden  Syrup,  Mo1a*w*. — The  above-named  syrups  are  by- 
products of  the  sugar  industry,  and  all  should  consist  essentially  of  sucrose 
and  invert  sugar,  the  common  adulterant  being  glucose  syrup.  Con- 
siderable attention  has  been  devoted  of  late  years  to  this  form  of  adulter- 
ation on  account  mainly  of  the  possibility  of  arsenical  contamination  by 
arsenical  glucose. 

The  composition  of  a  genuine  sample  of  ordinary   treacle  is  as 


follows  2 : — 

per  cent. 

(Jane  sugar,   44 '80 

Levulose,    5*80 

Dextrose,          ...                           .  7*12 

Ash,    8*21 

Water,             ....              ..  28*20 

Mattel's  unaccounted  for,   5*87 


Genuine  syrups  of  this  class  on  inversion  turn  the  plane  of  polarisation 
to  the  left,  and  when  treated  by  Bookman's  test  (see  p.  125)  give  no  indica- 
tions of  dextrin. 

On  the  other  hand,  samples  adulterated  with  glucose  syrup  give  a 
decided  dextrin  reaction,  and  on  inversion  the  polarisation  is  still  to  the 
right,  for  glucose  syrup  is  not  sensibly  affected  by  methods  of  inversion. 
For  example,  the  brands  known  as  Crossfield's  and  Lyle's  golden  syrup,  when 
pure,  give  the  following  polarimetric  readings  for  (a)D  : — 

Before  Inversion.    After  Inversion. 

Crossfield's  at  17*5°,  .  .  .  +  24'21  -11-07 
Lyle'sat  175°,      ....       +1453  -1383 

A  simple  method  of  analysis  is  given  by  E.  W.  T.  Jones.8 
1  Analyst,  Dec.,  1885. 

3  C.  J.  Matthews  and  A.  Hyde  Parker,  Analyst  x  xxvM  90. 
3  Analyst,  xxv.,  88.' 
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Mr.  Jones  makes  a  10  per  cent,  solution  at  15*5°,  and  takes  the  sp. 
gravity ;  on  dividing  the  gravity,  minus  1000  by  4,  an  approximation  to 
the  amount  of  water  is  obtained;  thus  a  sp.  gravity  of  1032  would  show 
80  per  cent,  of  water. 

The  polarimetric  value  of  the  liquid  is  obtained  before  and  after 
inversion.  The  following  formula  is  then  used  for  calculating  the  amount  of 
glucose  syrup,  provided  the  syrup  shows  dextro-rotation  after  inversion  : — 


Another  simple  method  of  calculating  is  given  by  Bernard  Dyer.1  He 
assumes  the  specific  rotatory  power  of  glucose  syrup  to  be  (a)D  113  0°  and 
the  K  value  42. 

He  polarises  at  20°C.  both  before  and  after  inversion,  and  calculates  the 
percentage  of  glucose  syrup  by  the  following  formula,  in  which  R  stands 
for  the  specific  rotatory  power  at  20°  C.  of  the  uninverted  sample. 

S  stands  for  the  +  rotation  of  sucrose  present  and  K  for  the  copper 
reducing  power : — 


The  inversion  of  a  10  per  cent,  solution  of  syrup  is  best  performed  by  inver- 
tase,  or,  if  no  invertase  is  at  hand,  a  gramme  of  pressed  yeast  is  added  to  50 
c.c.  of  the  solution,  and  kept  at  52°  C.  for  five  hours,  then  boiled  to  destroy 
bi-rotation ;  on  cooling,  it  is  made  up  to  the  original  volume  and  examined 
polarimetrically.  A  more  elaborate  method  of  analysis,  in  which  practically 
all  substances  are  determined  quantitatively,  is  as  follows : — 

Total  Solids. — Make  up  a  10  per  cent,  solution  at  15*5°C,  and  take 
the  sp.  gravity. 

Determine  the  weight  of  mineral  matter  in,  say,  five  grms.  of  the 
original  syrup,  shake  up  the  ash  with  1 00  c.c.  of  water,  and  take  the  sp. 
gravity ;  subtract  the  sp.  gravity  thus  found  for  an  equivalent  amount 
yielded  by  a  10  per  cent,  solution  from  the  original  sp.  gravity,  and  then 
make  use  of  the  usual  divisor  3*86,  which  gives  carbo-hydrates.  For 
example,  a  10  per  cent,  solution  had  a  sp.  gravity  of  1032  ;  five  grms. 
of  the  original  substauce  yielded  0*37  per  cent,  ash,  which,  when  shaken 
up  with  100  c.c.  of  water,  gave  a  solution  of  1003  sp.  gravity.  We  have, 
therefore, 

Sp.  gravity  of  10  per  cent,  solution  =  1032. 

Sp.  gravity  of  a  solution  of  ash  from  10  grms.  =  1006,  which  on  sub- 
traction leaves  26 ;  this  multiplied  by  10  and  divided  by  3*86  equals  67*3 
per  cent,  carbo-hydrates.  The  ash  is  7*4  per  cent.,  which  gives  total 
solids  74*7  per  cent,  and  water  25*3  per  cent.  The  cane  sugar  is  obtained 
from  the  polarimetric  readings  before  and  after  inversion. 

Cupric  Reducing  Power. — The  10  per  cent,  solution  is  diluted  to  double  its 
volume,  and  the  cupric  reducing  power  of  2  c.c,  which  is  equivalent  to  100 
milligrms.  of  the  original  syrup,  is  ascertained  by  Fehling's  solution  (see 
method  at  page  111). 

The  weight  of  CuO,  multiplied  by  1000  and  divided  by  the  mean  cupric 
reducing  power  of  1  grm.  of  invert  sugar  (2*36),  equals  reducing  sugars. 

Estimation  of  Matters  Disappearing  during  Fermentation.  — A  few  grms. 
of  pressed  yeast  are  added  to  100  c.c.  of  the  ten  per  cent,  solution  and  kept 


([a]D  after  inversion  +  11)  100 
120 


=  per  cent,  glucose  syrup. 


Per  cent,  of  glucose  syrup 


0-206K  +  (R-S) 
1-217 


1  Analyst,  xxv.,  95. 
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at  18°  for  from  three  to  five  days,  until  all  fermentation  has  ceased.  After 
evaporating  off  the  alcohol,  the  alcohol-free  extract  is  made  up  to  the  original 
bulk  and  the  specific  gravity  determined  and  also  a  polarimetric  reading  taken. 

Pure  samples  show  no  optical  activity  after  fermentation  ;  samples  in 
which  dextrin  is  present  show  an  optical  activity  in  proportion  to  the  un- 
deetroyed  dextrin,  fermentation  always  hydrolysing  a  portion  of  the  dextrin. 

From  the  original  specific  gravity,  the  extract  specific  gravity  is  sub- 
tracted ;  this  figure  multiplied  by  10  and  divided  by  3*86  gives  the  per  cent, 
of  sugar  which  has  disappeared  during  fermentation. 

The  cane  sugar  found  by  optical  activity  before  and  after  inversion 
added  to  the  reducing  sugars  found  by  the  cupric  estimation  should  about 
equal  the  sugar  which  has  disappeared  during  fermentation,  but  on  making 
a  copper  estimation  after  fermentation  there  is  generally  found  some 
reduction  due  to  uufermented  dextrose  and  levulose.  The  CuO  found 
xby  1000  and  divided  by  2'36  (1  grm.  of  invert  sugar  =  2*36  grms.  of 
CuO)  equals  the  percentage  of  unfermented  reducing  sugars.  The  per- 
centage of  levulose  and  dextrose  is  estimated  in  the  following  way  : — 

Let  #  =  per  cent,  of  dextrose;  y  =  por  cent  of  levulose, 
then  z  +  y  =  total  sugars, 
and  52  8  ar-  95  65  ?/  =  0, 

the  difference  between  the  two,  of  course,  equalling  the  levulose. 

The  total  reducing  sugars  are  found  by  subtracting  the  optical  activity 
due  to  cane  sugar  from  the  optical  activity  of  the  original  solution  and 
taking  into  account  the  cupric  reducing  power. 

Estimation  of  Maltose  and  Dextrin. — It  has  been  already  stated  that 
after  complete  fermentation  there  should  be  no  rotation  in  a  sample  which 
has  not  been  adulterated  with  glucose  syrup ;  if  there  is  a  dextrorotation,, 
it  will  be  due  to  dextrin  or  to  dextrin  in  combination  with  maltose.  In 
order  to  ascertain  this,  the  liquid  which  has  been  fermented  and  deprived 
of  alcohol  by  evaporation  is  submitted  to  the  action  of  malt  extract  or 
diastase.    The  malt  extract  is  conveniently  prepared  as  follows : — 

100  grms.  of  pale  malt  are  digested  with  250  c.c.  of  water  and  allowed 
to  stand  in  the  cold  for  twelve  hours ;  the  liquid  is  then  filtered  and  the  fil- 
trate used. 

The  specific  gravity  of  this  filtrate  is  taken  ;  it  is  also  examined  optically 
and  its  K  value  ascertained  by  a  copper  estimation.  An  aliquot  part  (2-3 
c.c.)  is  then  added  to  the  alcohol-free  extract  as  above,  and  the  whole  kept 
at  50°  for  five  hours.  Any  reducing  sugars  set  free  by  the  diastase  will 
now  be  shown  by  an  increased  cupric  reducing  power.  Therefore,  a  copper 
estimation  is  made  on  an  aliquot  portion,  the  result  being,  of  course,  cor- 
rected by  subtracting  any  reduction  due  to  the  malt  extract  added.1  To 
another  portion  some  yeast  is  added,  and  the  liquid  kept  at  a  fermentation 
temperature  for  some  days.  If  fermentation  takes  place  and  the  fermented 
liquid  after  evaporating  off  the  alcohol  shows  no  reducing  power  when 
treated  with  Fehling,  it  may  be  with  confidence  presumed  that  the  reduc- 
tion before  fermentation  was  due  to  maltose  alone ;  and  from  the  reduction 
or  optical  activity  or  both  the  percentage  of  maltose  and  dextrin  may  be 
calculated. 

1  If  more  than  2-3  c.c.  of  the  malt  extract  is  added,  the  specific  gravity,  the  opticity, 
and  the  K  value  of  this  extract  must  be  obtained  after  heating  to  50°  under  the  same 
conditions  as  the  mixture. 

9 
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To  show  the  mode  of  calculation,  an  example  may  be  taken  from  Brown 
and  Heron's  paper  ("  History  of  Starch,  and  its  Transformations/'  Journ. 
<Jhem.  Soc.,  1879). 

A  starch  conversion  by  cold  malt  extract  gave  the  following  values — 
<«)/8-«  + 163-3°  and  K8«48-8. 

(1.)  Determination  of  the  proportion  of  maltose  and  dextrin  simply  by 
the  optical  properties. 

We  have  the  optical  activity  of  dextrin  +  216,  of  maltose  +  150°, 
•difference  66. 

Then  (163-3-150)100^ 

66 

therefore  the  mixture  consisted  of 

Maltose,  79*9 

Dextrin,  20-1 


100-0 

(2.)  Determination  from  the  reduction. 

The  reduction  is  simply  due  to  maltose,  and  taking  K^*  as  61 

48-8  x  100  ftA.A 
—61  800 

therefore  the  mixture  consisted  of 

Maltose,  800 

Dextrin,  20  0 


100-0 

This  should  give  the  following  opticity : — 

Maltoee,     .       .      .  ^-°=120 

Dextrin,     .       .       .  432 


Total,     ....  1632 

which  is  practically  identical  with  the  observed  opticity,  viz.,  (a)j  163*3°. 

Some  analyses  of  adulterated  treacle  have  been  published  by  Mr. 
Chapman  as  follows : — 

TABLE  XII. 


No.  l. 

No.  2. 

No.  8. 

No.  4. 

Cane  sugar,  .... 
Invert  sugar,  .... 
Dextrose,  .... 

Maltoee,  

Dextrin,  

Ash,  

Water,  

Undetermined, 

20*68 
10-80 

6  10 
25'40 
12*95 

1-82 
19-08 

8-22 

26-10 
12-00 
22  00 
•40 
8*98 
5*20 
20-50 
4'82 

27*40 
28-60 
11*40 

2-50 
7*24 
22-69 
5-17 

4  10 

81-70 
7*50 

84*30 
1-10 

21*30 

100 

100 

100 

100 

Optical  activity  [a]j, 

+  77-3° 

+45-2° 

+24-6° 

+99-01' 

1 78.]  jam.  131 

It  often  happens  in  the  examination  of  treacle,  jams,  and  similar 
products  that,  after  treatment  with  malt  extract,  the  sugar  produced  is 
only  partly  or  not  at  all  destroyed  by  fermentation.  This  points  to  the 
•setting  free  of  a  polysaccharide,  which  is  unfermentable.  Some  chemists, 
however,  ascribe  this  circumstance  to  '  gallisin, '  a  dextrin-like  unferment- 
able body,  which  has  not  been  obtained  pure.  The  probable  opticity  of 
gallisin  is  (a)D  +  84°  and  K  absolute  41. 

Treacle,  golden  syrup,  and  molasses  should,  as  a  matter  of  routine,  be 
•examined  for  arsenical  contamination  by  the  method  described  post  (see 
Index). 

Jam. 

§  78.  Jam  consists  of  various  species  of  fruit  preserved  by  boiling  in 
strong  syrup.  Most  jams  are  very  readily  adulterated,  since  any  tasteless 
vegetable  tissue,  such  as  vegetable  marrow,  turnips,  etc.,  when  mixed  in 
jam,  cannot  be  readily  detected  by  the  palate.  The  chemioal  composition 
of  the  various  jams  is  simply  the  chemical  composition  of  the  fruit  juice 
and  fruit  itself,  with  the  loss  of  a  few  volatile  constituents  and  the 
addition  of  cane  sugar.  The  latter  may  be  in  part  inverted  by  the  action 
of  the  organic  acids  or  ferments  so  constantly  found  in  fruit  A  large 
proportion  of  jams  and  marmalade  are  preserved  by  antiseptics,  more 
especially  by  salicylic  acid  (a  common  proportion  is  3  grains  to  the  lb.) ; 
to  not  a  few  glucose  syrup  is  added.  The  carbo-hydrates  in  jams  and 
marmalade  are  determined  on  precisely  the  same  lines  as  the  carbo-hydrates 
in  treacle.  Arsenic  will  also  have  to  be  tested  for,  as  described  post  (see 
Index).  The  detection  of  other  adulterations  in  jam  are  mainly  microscopic ; 
but,  at  the  same  time,  in  many  cases  a  careful  observation  of  the  absorption- 
spectrum  will  assist  the  diagnosis.  In  order  to  carry  out  this  successfully, 
in  addition  to  the  precautions  before  described,  it  will  be  safest  in  all  cases 
to  use  comparison  liquids ;  and  those  who  devote  themselves  to  this  study 
should  have  at  hand  a  variety  of  genuine  jams  of  different  ages.  The  mean 
composition  of  the  more  common  kinds  of  fruits  is  detailed  in  the  following 
table  [K&nirf] : — 

TABLE  XIII.— 100  Parts  of  the  Seed  Fruit. 


Apple, 
Pear, 

;  Plum, 

I  Prune, 

,  Peaches,  . 
Apricots,  . 

■  Cherries,  . 
Grapes,  . 

I  Strawberry, 
Raspberry, 
Bilberry,  . 
Blackberry, 
Mulberry, 
Gooseberry, 
Currant,  . 


Water. 

Nitrogenous 
substances. 

Free 
acid. 

Sugar. 

Other  non- 
nitrogenoiu 
matten. 

Woody 
fibre,  etc. 

Ash. 

83*58 

0-39 

0*84 

778 

5-17 

1*98 

0*81 

83*03 

0-36 

0*20 

8-26 

3-54 

4*30 

0-31 

81  18 

0-78 

0-85 

615 

4*92 

5-41 

071 

84*86 

0*40 

1*50 

3*56 

4*68 

4-84 

0-66 

80-03 

0*65 

0-92 

4*48 

7-17 

6-06 

0-69 

81*22 

0*49 

1-16 

4-69 

6-36 

5*27 

0-82 

80*26 

0*62 

0-91 

10-24 

1-17 

6  07 

0-73 

78-17 

0*59 

0-79 

24*36 

1-96 

360 

0*58 

87*66 

1*07 

093 

6*28 

0*48 

2'82 

0-81 

86-21 

0-53 

1-38 

3-95 

1-54 

6-90 

0*49 

78*86 

0-78 

1*66 

5  02 

0-87 

12-29 

1-02 

86*41 

0-51 

1-19 

4-44 

1-76 

5-21 

0-48 

84-71 

0-36 

1-86 

9'19 

2-31 

0*91 

0*66 

85-74 

0-47 

1-42 

7-08 

1-40 

8-52 

0*42 

8477 

0-51 

2-15 

6*38 

0-90 

4-67 

0-72 
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Brief  Note*  of  the  Microscopical  Structure  of  Certain  Fruit*. 

§  79*  Apple*  and  Pear*. — Both  apples  and  pears  contain  numerous 
dotted  ducts  and  spiral  vessels.  There  is  no  very  distinctive  peculiarity 
about  these  ducts,  but  in  the  core  will  be  found  a  strong  horny  membrane 
with  speculated  cells,  crossing  one  another  at  right  angles,  forming 
altogether  a  very  singular  tissue,  and  one  which,  once  seen,  can  always  be 
leoognised. 

Damson. — The  skin  of  the  damson  is  composed  of  at  least  two  distinct 
species  of  cells  underlying  the  transparent  epidermis.  One  kind  is  a 
double  row  of  reddish-purple  oblong  or  oval  cells,  having,  when  seen  in 
section,  an  average  length  of  •00232  inch,  and  an  average  breadth  of  about 
•000928  inch ;  seen  from  above  (as  in  tearing  off  a  shred  of  the  tissue) 
they  form  a  beautiful  five-  and  six-sided  mosaic  pattern,  the  size  of  the  cells 
being  from  about  *0OO928  to  00116  inch.  The  blue  cells  are  very  similar 
in  shape  and  size  to  the  reddish-purple ;  below  the  blue  there  are  some 
loose  cells  containing  chlorophyll.  Hence  the  beautiful  colour  of  the 
damson  is  the  combined  effect  of  the  blue,  the  red,  and  the  green  shining 

through  the  transparent  epidermis. 
The  pulp  contains  the  usual  large 
colourless  globes  or  cells,  of  01 1(> 
inch  average  diameter  (/>,  fig.  21). 
Spiral  vessels  are  numerous,  stoma ta 
are  occasionally  to  be  seen  on  the 
surface  of  the  dark-coloured  epi- 
dermis. The  breadth  or  thickness 
of  the  skin  is  '008 H  inch.  By  the 
use  of  bleaching  powder,  a  small 
portion  of  the  skin  may  be  deprived 
of  its  colour,  either  partially  or 
Fio.  21.— «,  Epidermis  of  damson  ;  bf  pulp  wholly,  according  to  the  judgment 
cells,  xllG.  of  the  operator,  and  then  will  be 

Been  a  mapping  out  of  the  whole 
surface  into  lobes  by  cells  so  placed  that  they  form  a  network. 

Plum. — There  are  at  least  three  distinct  structures  to  be  seen  in  the 
boiled  and  preserved  plum: — 1,  The  epidermis,  consisting  for  the  most 
part  of  a  pavement-like  layer  of  little  square  or  irregularly  oblong  cells, 
filled  with  a  granular  matter  (c,  fig,  22),  the  size  of  the  cells  averaging 
from  about  000696  to  '00116  iuch  ;  the  general  distribution  of  these  cells 
is  somewhat  circular.  Scattered  tolerably  uniformly  are  patches  of  a 
deeper  colour,  with  larger  cells,  the  patches  being  irregularly  circular,  and 
the  centre  of  the  patch  an  empty  space,  which  possibly  is  a  much  deformed 
stoma.  The  pulp  consists  of  the  very  common  large  globular  cells  (a,  fig. 
22),  of  about  '12  to  *14  inch  diameter,  almost  perfectly  transparent,  with  a 
shrivelled  mass  within.  Lastly,  there  are  some  beautiful  masses  of  com- 
pound cells,  varying  in  size  from  016  to  448  inch  (bt  ht  fig.  22),  the  length 
usually  being  from  one  and  a  half  to  three  times  the  breadth.  These  com- 
pounds are  either  prismatic  in  shape  or  oval,  while  a  few  resemble  long 
tubes.  The  number  of  cells  thus  bound  together  is  very  variable,  since 
from  seven  up  to  twenty -seven  may  be  counted  on  one  side.  The  little 
cellular  members  of  the  composite  are  five-sided  cells  of  an  average  length 
of  *06  inch, 

Oranges — Lemon*;   Marmalade, — Marmalade  is  made  by  preserving 


JAM. 


133 


sliced  up  oranges  or  lemons,  or  both  combined,  in  a  strong  syrup.  Orange 
marmalade  is  properly  made  from  Seville  oranges  only,  lemon  marmalade 
from  lemons  only.  It  is  not  practicable  to  distinguish  by  the  microscopic 
structure  alone  whether  the  substance  is  orange  or  lemon,  or  to  what 
species  the  orange  or  the  lemon  belongs.  It  is,  however,  most  easy  in 
marmalades  to  recognise  substances  foreign  to  marmalade,  because  the 
structure  of  the  vegetable  tissues  used  is  very  distinctive.  Good  marmalade 
is  wholly  composed  of  tine  sections  of  the  fruit :  on  selecting  the  thinnest 
of  these  sections,  or  (what  amounts  to  the  same  thing)  cutting  and  prepar- 
ing a  section,  there  will  be  three  structures  to  notice.  It  will  be  observed 
that  the  colour  layer  is  very  thin,  and  composed  of  layers  of  yellow  cells 
-(a,  fig.  23),  many  filled  with  oil,  and  here  and  there  large  cavities,  covered 
with  a  thin  transparent  epidermal  layer.  The  size  of  the  cells  is  small, 
about  "000147  inch  in  diameter.  Beneath  the  yellow  layer  there  is  a  deep 
layer  of  colourless  cells,  traversed  by  a  network  of  bundles  of  vessels,  each 
bundle  consisting  of  a  dozen  or  more  spiral  vessels,  of  small  diameter,  in 
the  midst  of  the  ordinary  elongated  fibre-like  cells.    In  this  layer  are  large 


Fio.  22. — Structures  found  in  the  plum,  x 
a.  Pulp  cells  ;  bt  6,  compound   cells ; 


115. 
c.  a 


23.  —  Section  of  rind  of 
orange,  x20.  a,  Layer  of 
yellow  cells ;  6,  inner  white 
cortex,  showing  a  cavity  and 
vascular  twigs. 


portion  of  epidermis. 


cavities,  0415  inch  diameter  or  more,  and  around  these  cavities  the  cells 
are  applied  in  concentric  layers.  The  pulp  of  the  orange  presents  a 
number  of  soft  and  thin-walled  cells  without  any  very  distinctive  pecu- 
liarity. Large  spirals,  large  oval  cells  and  structures,  dissimilar  to  the 
above,  will  be  suspicious  signs,  and  will  denote  adulteration. 

The  Strawberry  may  be  readily  distinguished  under  the  microscope  by 
the  great  number  of  very  small  seeds  which  are  scattered  on  the  exterior 
of  the  fruit.  These  seeds  are  pyriform  and  very  regular  in  size,  being 
about  '038  inch  wide  at  the  broadest  end,  and  "07  inch  in  length.  The 
•coat  of  the  seed  is  almost  smooth  ;  under  a  high  magnifying  power,  it  may, 
however,  be  seen  to  be  slightly  tuberculated.  Each  seed  is  attached  to  the 
central  part  of  the  fruit  by  means  of  a  vascular  bundle  formed  of  delicate 
fibres  and  spiral  vessels ;  and  the  consequence  of  this  structure  is,  that  the 
strawberry  is  full  of  spiral  vessels,  all  of  minute  size  and  very  transparent. 
The  cells  seen  when  jam  is  examined  are,  for  the  most  part,  collapsed  and 
shrivelled;  those  that  are  not  so  are  large  oval  or  pyriform  cells,  often 
containing  shrivelled  cell  contents.    Common  measurements  of  these  cells 
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are  '008  inch  small  diameter,  *0176  inch  long  diameter  for  the  oval  cells, 
and  for  the  pyriform  -0136  inch  broad  end,  '0184  long  diameter. 

A  general  analysis  of  strawberries  has  been  published  by  J.  M.  IL 
Munro.    (Chem.  News,  1.,  227.) 

Per  cent. 


Water,   89*30 

Organic  matter,   10  '27 

Ash   48 

The  ash  contained — Calcium  phosphate,   22*91 

Potassium  carbonate,   60*77 

Magnesia,   2*93 

Soda,       .   1*29 

Sulphuric  anhydride   3*88 

Sand  and  insoluble  matter,   6*61 

Undetermined,   '61 


The  Raspberry  has  its  seeds  reticulated,  and  in  most  jams  the  form  of 
the  fruit  is  preserved  quite  sufficiently  for  recognition. 

The  Gooseberry  has  an  epidermis  in  which  can  be  seen  a  mosaic  pave- 
ment of  cells,  and  the  fruit  also  possesses  clavate  hairs. 


Fig.  24. — a,  Pulp  cells  of  straw- 
berry, x  116;  b,  strawberry 
seed,  x20. 


Fio.  25. — a  A  shred  of  epidermis,  show- 
ing the  sinuous  markings  in  one 
portion,  and  the  under  layer  of  cells 
in  another ;  b,  the  compound  bodies, 
x  115. 


The  Blackberry.— The  seeds  are  reticulated,  and  the  cuticle  covered  with 
stellate  hairs. 

Currants. — Both  the  black  and  the  red  currant  are  similar  in  structure : 
the  epidermis  is  covered  with  an  excessively  thin  membrane,  showing  sinu- 
ous wavy  divisions,  and  set  with  simple  hairs.  Beneath  the  outer  membrane 
are  the  colour  layers,  consisting  of  little  square  masses  with  rounded  angles 
about  '00029  to  '00039  inch  diameter  (a,  fig.  25).  The  pulp  is  made  up 
of  thin-walled  cells,  and,  lastly,  here  and  there  may  be  found  peculiar 
compound  bodies,  6,  attached  to  the  inner  layer  of  the  epidermis.  These 
are  about  '0058  inch  in  length  and  '0015  inch  in  breadth,  and  are  formed 
of  a  number  of  oblong  cells.  So  far  as  known,  these  bodies  are  found  only 
in  the  currant. 

Saccharin. 

This  is  the  popular  name  given  to  a  crystalline  substance  discovered  by  Fahlberg  and 
Remsen  {Deut.  Chem.  Ges.  Ber.9  xii,  469-578)  in  1879.  It  was  first  obtained  by  the 
oxidation  of  orthotoluene  sulphonamide  by  permanganate ;  its  formula  is  C7H5OsSN> 

and  it  has  been  named  anhydro-ortho-sulphamine-benzoic  acid  j^06H4<gQa>NHj  —or, 


§80.] 
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shorter,  Benzoic  sulphimide — it  is  in  the  form  of  white  crystals,  soluble  in  hot  water, 
alcohol,  and  ether.  It  melts  at  220°,  and  can  be  sublimed  without  undergoing  decom- 
position ;  it  forms  crystalline  compounds,  with  the  alkalies  and  alkaline  earths ;  on 
evaporating  an  aqueous  solution  strongly  acidified  with  HC1,  almost  to  dryness,  it  is- 
transformed  into  ortho-sulpho-benzoio  acid.  It  is  so  intensely  sweet  that  1  part  in 
10,000  of  water  is  very  perceptible ;  the  sweetness  is  like  that  of  sugar,  but  with  a 
peculiar  flavour.  The  substance  is  used  in  commerce,  and  the  analyst  will  look  for  it 
in  all  sweet  manufactured  liquids,  such  as  lemonades,  temperance  drinks,  and  liqueurs ; 
it  is  said  also  to  be  added  to  sugar  itself,  to  increase  its  sweetening  power.  It  is  not 
poisonous,  but,  on  the  other  hand,  it  has  no  nutritive  powers ;  it  is  said  to  pass  through 
the  kidneys  unchanged.  A  general  method  of  detecting  saccharin  is  to  shake  liquids, 
after  feebly  acidifying,  with  ether ;  to  separate  the  ether  and  evaporate  to  dryness.  The- 
ethereal  extract  obtained  in  this  way,  if  saccharin  be  present,  will  taste  extremely  sweet, 
and  if  the  residue  is  gently  fused  in  a  platinum  dish  with  six  times  its  weight  of  pure 
sodic  carbonate  and  potassic  nitrate,  the  sulphur  will  be  oxidised  into  sulphate,  and 
,  the  fused  mass  will,  when  dissolved  and  the  solution  acidified  with  HC1,  give  a  precipitate 
with  baric  chloride. 

Saccharin  fused  gently  with  potash  is  converted  into  salicylic  acid,  and,  therefore,, 
with  ferric  chloride  strikes  a  violet  colour. 

Solids,  such  as  sugar,  are  also  treated  with  ether,  and  the  ethereal  extract  examined 
as  before ;  but  if  the  solid  has  an  alkaline  reaction,  it  is  best  first  to  extract  with  hot 
water,  acidify  the  aqueous  solution,  and  shake  out  with  ether. 

Fatty  substances  or  liquids  must  first  be  freed  from  fat,  by  treatment  with  light 
petroleum.  A  quantitative  estimation  is  most  accurately  made  by  oxidation  of  the 
sulphur  by  fusion  and  precipitating  the  sulphate  with  barium  chloride— 1  part  of  barium 
sulphate  equals  '785  of  saccharin. 

Saccharin  treated  with  NH4  in  the  cold  and  the  excess  of  ammonia  got  rid  off  by 
evaporation  forms  the  compound  CttH4CO,S02NsH4 ;  on  treating  this  with  alkaline- 
bromide,  nitrogen  is  evolved.  The  number  of  c.c.  of  N  divided  oy  0*89 -saccharin  in 
centigrms.  (H.  Defournel,  J.  Pharm.,  1901  [vi],  xiii.,  512). 

Dulcine  or  Sucrol  (Phenetol  carbamide)  CO<JJg  >  CjH^CX^Hg  is  also  used  for 

sweetening  purposes ;  it  may  be  extracted  from  liquids  by  ethylacetate. 

Starch,  C6H10(V 

§  80.  It  is  convenient  to  consider  the  starches  together,  more  especially 
as,  however  varied  in  form,  the  chemical  composition  of  all  starch  is  very 
similar,  if  not  identical. 

Every  starch  corpuscle  is  composed  of  at  least  two  probably  isomeric 
bodies,  the  one  4  granulose,'  soluble  in  saliva,  and  coloured  blue  by  iodine ; 
the  other  coloured  by  iodine  pale  yellow,  and  only  becoming  blue  after 
the  addition  of  sulphuric  acid ;  it  is  fully  soluble  in  ammoniacal  oxide  of 
copper,  and  appears  to  agree  very  closely  with  the  characters  of  cellulose. 

These  two  substances  may  be  most  readily  separated  by  diluted  chromic 
acid,  which  dissolves  granulose  very  easily,  whilst  cellulose  remains  un- 
altered. All  starch  is  very  hygroscopic :  wheat  starch,  dried  in  a  vacuum, 
still  contains  11  per  cent,  of  water,  and  air-dried  from  16  to  28  per  cent, 
of  water.  Starch  is  insoluble  in  cold  water  or  spirit.  Some  chemists, 
indeed,  assert  that  if  finely  powdered  in  agate  mortars,  or  with  quartz 
sand,  a  small  portion  dissolves ;  others  contend  that  this  is  no  true  solution, 
but  the  starchy  matter  in  a  state  of  most  minute  division.  If  warmed 
with  water,  the  starch  granules  swell,  and  when  heated  up  to  100°  most 
starches  form  a  semi-solution  in  water.  True  compounds  of  starch  with 
bases  are  scarcely  established.    Lime  and  baryta  appear  to  form  weak 

1  Brown  k  Millar  (Journ.  Chem.  80c.,  1899,  331),  consider  that  soluble  starch  has 
a  molecular  weight  of  32,400,  and  is  formed  by  the  combination  of  maltan  and  dextrin 
groups. 

M«1t*n  ?rnnp  Dextrin  group. 

80  CiaH| Al  40  c^A 
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unions,  and  the  intense  colour  produced  by  iodine,  as  well  as  bromine, 
*eems  to  point  to  the  formation  of  haloid  combinations.  Fritsche,  indeed, 
states  that  he  has  isolated  the  iodide  and  the  bromide  of  starch,  the  former 
-containing  ten  equivalents  of  starch  and  one  of  iodine. 

Starch  heated  in  closed  tubes  up  to  100°  C.  changes  gradually  into 
soluble  starch.  If  the  temperature  is  raised  up  to  160°  or  200°  C,  it  forms 
a  transparent  mass  consisting  wholly  of  dextrin.  At  220°  to  280°  C.  still 
further  change  is  produced,  and  the  result  is  pyrodextrin,  a  substance 
easily  soluble  in  water  (but  insoluble  in  absolute  alcohol  and  ether),  and 
with  the  composition  of  C^H^O^HO.  At  still  higher  temperatures  there 
is  carbonisation,  and  the  formation  of  products  similar  to  those  caused  by 
the  decomposition  of  sugar. 

Starch  is  easily  changed  into  sugar  by  the  action  of  dilute  mineral 
acids,  as  well  as  by  oxalic  acid,  aqueous  chloride  of  zinc,  and  by  certain 
ferments — diastase,  saliva,  yeast,  etc. 

The  estimation  of  starch  in  organic  bodies  is  always  based  on  hydro- 
lysing  the  starch  and  converting  it  into  either  a  reducing  sugar,  and 
dextrin,  or  the  hydrolysis  is  carried  farther,  and  the  dextrin  also  converted 
into  sugar.  This  conversion  is  done  in  various  ways.  1  to  1*3  grms. 
in  40-50  c.c.  of  *2  per  cent,  sulphuric  acid  for  eight  hours  may  be  heated 
in  olosed  tubes  or  flasks  in  a  glycerin  bath  to  108°  or  110*  C. ;  or  the 
substance,  in  some  instances,  may  be  heated  in  ordinary  flasks  in  the 
water-bath,  with  a  2  per  cent,  solution  of  hydrochloric  acid,  for  many 
hours  until  it  ceases  to  give  a  starch  reaction  with  iodine. 

An  excellent  general  method  has  been  proposed  by  Dragendorff : — 2 
to  3  grms.  of  the  powdered  and  dried  substance  are  heated,  with  25  to  30 
€.0.  of  a  5  per  cent,  solution  of  potash  in  absolute  alcohol,  for  from  eighteen 
to  twenty-four  hours  in  the  water-bath,  filtered  hot,  through  a  weighed 
ash-free  filter;  the  residue  on  the  filter  is  washed  first  with  hot 
absolute  and  then  with  cold  ordinary  alcohol,  and  lastly  with  water — the 
residue  is  now  dried  at  110°  C.  and  weighed ;  the  loss  of  weight  corresponds 
to  the  albuminoid  matters,  the  fat,  the  sugar,  and  the  soluble  salts,  which 
have  been  removed  by  the  alcoholic  potash,  the  alcohol,  and  the  water. 
The  filter  and  its  contents  are  now  divided  finely  by  scissors,  and  boiled 
with  5  per  cent,  hydrochloric  acid  until  a  blue  colour  is  no  longer  struck 
with  iodine,  the  liquid  is  then  filtered  through  a  weighed  filter,  and  the 
residue  washed,  dried,  and  weighed — the  difference  between  the  weights 
of  Nos.  1  and  2  gives  very  nearly  the  starch.  This  weight  may,  of  course, 
be  controlled  by  estimating  the  glucose  by  Fehling  solution. 

A  general  method  for  the  estimation  of  starch  in  flours  has  been  worked 
out  by  C.  O'Sullivan  (Journ.  Chem.  Soc,  Jan.  1,  1884,  No.  ccliv.,  2-10); 
its  principle  is  the  freeing  of  the  finely  divided  substance  from  fat, 
albuminoids,  and  amylans  by  suitable  solvents,  and  then  transforming 
the  starch  by  the  action  of  diastase  into  maltose  and  dextrin,  the  propor- 
tions of  which  are  estimated  by  the  Fehling  solution  and  by  the  polariscope. 

1.  Preparation  of  the  Diastase. 

2  to  3  kilos,  of  finely-ground  pale  barley  malt  are  steeped  in  water  just 
sufficient  to  cover  the  whole.  After  standing  several  hours  it  is  filtered 
by  means  of  a  filter  press ;  and,  if  not  clear,  by  passing  it  also  through  an 
ordinary  filter.    The  diastase  is  now  precipitated  by  alcohol  sp.  gr.  '83, 

alcohol  being  added  so  long  as  the  precipitate  is  flocculent,  but 
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discontinued  when  a  milky  or  opalescent  appearance  commences.  The 
diastase  is  washed  with  alcohol  ('86-'88)}  dehydrated  with  absolute  alcohol, 
and  dried  in  vacuo  over  sulphuric  acid.  Diastase  thus  prepared  is  a  white, 
dry,  friable,  soluble  powder  retaining  its  activity  for  a  long  time.1 

Freeing  the  Flour  from  Fatty  Matters.— §  grms.  of  the  flour  are  first 
saturated  with  alcohol  sp.  gr.  -82,  and  from  20  to  28  c.c.  of  ether  added. 
The  flask  containing  the  mixture  is  set  aside  for  a  few  hours,  and  the 
whole  is  then  filtered ;  the  residue  being  washed  with  ether. 

2.  Removal  of  Sugars,  Albuminoids  other  than  Casein,  and  Matters 
soluble  in  Weak  Alcohol. 

To  the  flour  now  fat  free,  80  or  90  c.c.  of  alcohol  sp.  gr.  '90  are  added, 
and  the  mixture  kept  at  35°  to  38°  C,  with  occasional  shaking,  for  a  few 
hours.  The  alcoholic  solution  is  then  passed  through  the  same  filter 
which  has  been  used  for  the  'ether'  operation,  and  the  residue  washed 
by  decantation  with  the  same  strength  alcohol,  and  at  the  same  tempera- 
ture. 

3.  Solution  of  the  Amylans. 

The  flour  which  has  been  treated  with  alcohol  and  ether  is  now  sub- 
mitted to  the  action  of  water;  the  flour  is  digested  with  half  a  litre  of 
water,  and  decanted  through  "a  filter  at  the  end  of  twenty-four  hours ;  it 
is  then  repeatedly  washed  with  water  at  35°  to  38*  C. 

This  part  of  the  operation  is  tedious,  for  the  filtration  is  sometimes 
very  slow. 

4.  Conversion  of  the  StarcJi. 

The  residue  is  finally  transferred  to  a  beaker,  and  boiled  for  a  few 
minutes  in  40  or  45  c.c.  of  water  with  constant  stirring — it  is  then  cooled 
to  62°  or  63°  0.,  and  -021  to  '038  grm.  diastase,  dissolved  in  a  few  cubic 
centimetres  of  water  or  a  few  cubic  centimetres  of  normal  malt  extract 
added.  In  a  very  short  time  the  solution  ceases  to  give  a  starch 
reaction  with  iodine,  but  it  is  best  to  maintain  the  digestion  for  an  hour, 
because  filtration  is  then  easier.  At  the  end  of  that  time  the  contents  of 
the  beaker  are  boiled  for  eight  or  ten  minutes,  thrown  on  to  a  filter,  and 
the  filtrate  received  into  a  100  c.c.  measuring  flask.  The  residue  is  care- 
fully washed  with  small  quantities  of  boiling  water  at  a  time.  When  the 
flask  is  nearly  full,  its  contents  are  cooled  down  to  15°*5  C,  and  made  up  to 
100  c.c.  with  water  at  that  temperature.  Should  the  filtrate  exceed  100 
c.c,  it  is  to  be  concentrated  to  the  proper  quantity.  The  specific  gravity 
of  the  solution  is  now  taken;  its  optical  activity  is  determined,  and  its 
reducing  power  on  copper  solution  estimated  by  boiling  with  Fehling. 

The  optical  activity  of  maltose,  accord iug  to  Brown  and  Heron,  is  [a], 
150°  and  K3.M  610.  That  of  dextrin  [a\  216°.  The  principles  of  calculating 
dextrin  and  maltose  from  the  optical  and  copper  values  of  a  mixture  have 
been  already  detailed.  An  example  from  Mr.  O'Sullivan's  paper  will  make 
the  above  clear. 

5  grms.  of  barley  flour,  treated  as  above,  gave  as  the  ultimate  result 

1  Instead  of  diastase,  what  is  called  normal  malt  extract,  made  by  steeping  100  grms. 
of  finely  divided  pale  malt  in  250  c.c.  of  water  for  twelve  hours  and  filtering,  may  be  used. 
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100  c.c.  solution  having  a  sp.  gr.  =  1*01003  =  2*539  grms.  solid  matter.1 
9*178  grms.  of  this  solution  reduced  '241  cuprio  oxide,  and  a  layer  of  it 
200  mm.  in  length,  gave  a  deviation  with  the  Soleil-Ventzke-Scheibler 
saccharimeter  =  21*1  div. 

From  these  data  we  have  : — 

0-241  x  0*7256  (K  of  maltose  62-5)  =  *1748  grm. 

maltose  in  9*178  grms.  solution. 

The  weight  of  100  c.c.  solution  is  from  the  sp.  gravity  101  003  grms.  y 
hence,  percentage  of  maltose  9  178:  101*003:  :*1748  =  1*923.  Then— 

1*923  x  8*02  =  15*422  optical  activity  of  the  maltose, 
21*1  -  15*422  =  5*678  optical  activity  of  the  dextrin, 

and 

5*678  -r  11*66  =  *491  the  dextrin  in  100  c.c.  solution. 
We  have  then  in  the  100  c.c. — 

Maltose,    .      .       .    1*923  grms. 
Dextrin,    .       .       .  *491 
Diastase,  .       .       .     '030  „ 

2-444 

Against,    .       .    2*539   ,,   as  represented  by  the  sp.  gr. 
Leaving,    .      .     *095   „   matter  unaccounted  for. 

This  '095  grm.  of  unestimated  matter  was  partly  referred  to  '062  grau 
a  amylan,  leaving  a  total  error  of  only  '012  grm. 

Mr.  O'Sullivan's  determinations  by  this  method  of  the  starch  in  flour,, 
etc.,  are  as  follows : — 

Per  cent. 

Barley  flour,  46*3 

„     malt,  39*9 

Wheat  flour,  55*4 

„     malt,  43*4 

Rye   44-46*0 

Rice,  75*77 

Maize,  54  '58 

Oats,  35*38 

A  method  of  starch  estimation  devised  by  Marcker  and  Morgen,2  much 
used  on  the  Continent,  is  as  follows: — 3  grms.  of  the  finely-powdered 
substance  is  digested  in  a  small  metal  vessel  with  50  c.c.  of  water  at  a 
heat  of  about  100°  C.  for  twenty  minutes,  then  cooled  to  70°  C,  and  5  c.c. 
of  freshly-prepared  malt  extract  (100  grms.  malt  to  500  water)  added ;  the 
mixture  is  now  kept  at  70°  C.  for  twenty  minutes,  in  order  to  liquefy  the 
starch  paste.  Then  5  c.c.  of  a  one  per  cent,  solution  of  tartaric  acid  is 
added,  the  vessel  covered  with  a  metal  cover  and  submitted  in  a  Soxhlet's 
digester  to  heat  at  a  pressure  of  3  atmospheres  for  half  an  hour.  The 
digester  with  its  contents  is  now  allowed  to  cool,  the  lid  unscrewed,  the 
metal  vessel  removed,  a  second  5  c.c.  of  tartaric  acid  added,  and  the  whole 
heated  once  more  to  70°  C.  for  twenty  minutes.  The  solution  is  transferred 
into  a  flask  of  250  c.c.  capacity,  filtered,  diluted  to  200  c.c,  and  inverted  by 

1  Mr.  O'Sullivan  has  taken  8*95  for  the  divisor  of  the  sp.  gr.— 1000.  He  has^also 
taken  the  optical  activity  of  maltose  to  be  [d]j  154,  and  E  62*5,  the  optical  activity  of 
dextrin  as  [ofy  222,  all  numbers  differing  from  those  of  Brown  and  Heron. 

2  Htrvdfmrh  dtr  Spiritus  fabrication  t  1886, 
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boiling  with  15  c.o.  of  HC1  of  1*125  sp.  gravity.  After  three  hours'  boiling 
under  an  inverted  condenser,  the  liquid  is  cooled,  almost  neutralised  by 
soda,  made  up  to  500  cubic  centimetres,  and  the  sugar  estimated  by  Fehling's 
method 

A.  Leclero 1  has  proposed  to  treat  2  grins,  of  the  moistened  starchy 
substance  with  180  cc.  of  concentrated  neutral  solution  of  zinc  chloride, 
and  to  heat  the  mixture  in  a  salt  bath  up  to  108°  C.  for  two  hours  or  more, 
until  a  solution  is  effected.  On  cooling,  the  solution  is  made  up  to  a 
definite  bulk,  filtered,  and  25  cc.  of  the  filtrate  precipitated  by  2  cc  of 
hydrochloric  acid  and  75  cc.  of  90  per  cent,  alcohol ;  the  precipitate  is 
stated  to  consist  only  of  starch  and  dextrin.  The  precipitate  is  washed 
with  acid  holding  alcohol,  then  with  90  per  cent,  alcohol,  dried,  and 
weighed.    It  is  finally  burned,  and  any  ash  subtracted. 

M.  Honig2  heats  the  starch-holding  substance  in  glycerin  to  210*,  and 
pours  the  solution  into  strong  alcohol,  and  when  quite  cool  adds  a  fifth  of 
its  volume  of  ether.  The  precipitate  contains  all  the  starch,  which  may 
be  converted  into  sugar  in  the  usual  way. 

Salicylic  Acid  Mttluxl. — Both  salicylic  acid  and  benzoic  acids  dissolve 
starch ;  and  on  heating  the  solution,  the  starch  is  converted  into  sugar. 
This  is  a  good  method  in  all  cases  in  which  the  solution  thus  obtained  can 
be  sufficiently  clarified  for  observation  by  a  saccharimeter.  5'376  grms.  of 
the  starch  are  heated  for  half  an  hour  with  100  cc.  of  water  and  0*5  grm. 
of  salicylic  acid.  The  solution  is  clarified  by  adding  a  few  drops  of 
ammonia  or  sodic  hydrate  solution;  it  is  made  up  to  200  cc,  filtered,, 
cooled,  and  examined  by  the  polariscope. 

Inversion  by  Oxalic  and  Nitric  Acid. — 3  grms.  of  the  material  are  heated 
with  100  cc  of  a  saturated  solution  of  oxalic  acid  for  one  hour.  The  liquid 
is  oooled  and  made  up  to  200  cc  with  10  per  cent,  nitric  acid,  filtered,  and 
the  filtrate  heated  one  hour  in  the  water  bath,  the  flask  being  connected 
with  an  upright  condenser.    The  solution  is  then  polarised. 

W.  E.  Stone,8  in  an  elaborate  study  of  methods  for  the  determina- 
tion of  starch,  gives  preference  to  that  in  which  the  starch  is  converted 
by  means  of  malt  extract  or  diastase,  for  it  appears  that  although  the 
various  processes  by  which  starch  (by  means  of  a  mineral  or  organic  acid) 
is  converted  into  dextrose  are  accurate  with  pure  starches,  such  processes 
are  often  most  inaccurate  in  the  presence  of  the  xylans  (gum,  etc.),  sub- 
stances which,  without  any  starch  at  all,  give  sugar  indications  from  4  to 
60  per  cent.,  wheat  flour  giving  results  so  widely  divergent  as  59 '8  per 
cent,  by  precipitations  with  barium  hydrate,  and  77*7  per  cent,  by  inver- 
sion with  hydrochloric  acid. 

An  easy  and  simple  method  of  determining  starch  in  flour  has  been 
suggested  by  Edwin  Douzard.4  A  grm.  of  flour  is  mixed  with  a  small 
quantity  of  cold  water,  then  with  35  cc  of  water  at  100°  C,  and  the  whole 
kept  at  100°  C.  for  30  seconds ;  it  is  then  cooled  to  48°  C,  treated  with 
20  cc  of  a  10  per  cent,  malt  extract  solution  (or  an  equivalent  quantity  of 
diastase)  maintained  at  48°  C.  for  20  minutes,  heated  to  boiling  and 
filtered ;  the  filtrate  is  made  up  to  100  cc,  some  resolin  added,  the  filtrate 
polarised,  any  rotation  due  to  malt  extract  being,  of  course,  subtracted. 
The  specific  rotation  is  calculated  into  dextrin  and  maltose,  as  at  page  13& 

1  Journ.  Vharm.  Chim.,  1890. 

2  Chem.  Ztg.y  1890,  p.  902. 

s  Journ.  Am.  Chem.  Soc.f  xvi.,  No.  12.  ;  Chem.  New,  lxx.  308. 
4  Chem.  News,  1898,  lxxvii.,  107,  108. 
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Microscopical  Identification  of  Starches. 

The  successful  microscopical  examination  of  starches  requires  practical 
study,  and  those  who  desire  to  identify  them  must  use  all  drawings  and 
descriptions  as  guides  merely.  It  is  not  easy  to  preserve  starches  mounted 
as  microscopical  objects,1  and  the  analyst  is  therefore  recommended  to  fit 
up  a  little  case,  in  small,  wide  specimen-tubes,  so  that  he  can  have  at  hand 
a  sample  of  every  kind  of  starch  possible  to  be  obtained.  These  samples 
should  be  arranged  in  the  five  classes  described  (pp.  141-144),  partly  based 
on  Dr.  Muter's  2  classification. 

A  high  magnifying  power  is  not  required,  save  for  the  very  minute 
starches,  such  as  rice  and  pepper.  For  ordinary  work  a  magnifying  power 
of  250  diameters  is  ample.  Dr.  Muter's  classification  of  starches  was 
founded  on  observations  with  a  B  micrometer  eyepiece  and  a  y^-inch 
power. 

It  is  also  useful  to  observe  the  various  samples  of  starch,  and  make 
tables  of  their  dimensions.  The  proper  way  to  do  this  is  to  put  the 
smallest  possible  quantity  of  the  well-mixed  starch  on  a  glass  slide,  add  a 
droplet  of  distilled  water,  cover  with  a  thin  glass,  take  the  exact  size  of  all 
the  starches  in  the  field,  enumerate  them,  and  work  them  out  into  percent- 
ages for  future  reference. 

The  illumination  of  starches  is  to  be  particularly  attended  to.  The 
light  must  strike  obliquely  through  the  granules,  in  order  to  observe  the 
rings,  which  are  by  no  means  so  easily  seen  as  diagrams  would  indicate. 

Polarised  light  is  also  useful,  especially  in  the  diagnosis  of  certain 
starches.  Thus,  the  polarised  starch  of  wheat,  when  examined  in  water, 
exhibits  a  dull  cross ;  that  of  jalap,  in  shape  and  size  like  wheat,  polarises 
brightly.  Polarised  light,  in  conjunction  with  a  selenite  plate,  will  also 
be  found  of  great  service.  Red  and  green  selenites  are  best,  and  give  a 
beautiful  play  of  colours  with  the  arrow-roots  and  potato  starch;  while 
the  starches  of  wheat,  barley,  rice,  and  oats  scarcely  show  any  colour. 
The  whole  of  the  starches  of  the  Leguminosee  are,  so  far  as  they  have 
been  hitherto  examined,  likewise  destitute  of  this  power  of  brilliant  colora- 
tion. A  £-inch  object-glass,  with  an  A  eyepiece,  will  be  found  better 
adapted  for  this  method  of  research  than  higher  powers. 

If  adulteration  in  any  case  has  been  made  out,  approximate  quantita- 
tive results  may  be  obtained  by  making  a  standard  mixture  of  the  genuine 
starch  with  the  adulterant  found,  and  then  counting  the  individual  grains 
in  the  microscopic  field.  Thus,  for  example,  supposing  oatmeal  to  be  found 
adulterated  with  barley-starch,  and  from  a  preliminary  examination  the 
mixture  is  thought  to  be  40  per  cent.,  we  proceed  as  follows : — 

Pure  barley-meal  and  oatmeal  are  carefully  dried  at  100°  and  mixed  so 
that  the  mixture  is  exactly  40  per  cent.  A  few  grains  of  this  powder  are 
now  rubbed  up  with  glycerine  and  alcohol  into  a  smooth  paste,  which  is 
then  further  diluted  to  a  certain  bulk,  a  drop  taken  out  with  a  glass  rod, 
and  covered  with  a  glass,  which  is  gently  pressed  down.  The  number  of 
grains  of  barley  and  oat  starch  are  now  counted,  and  their  relative 
proportion  noted,  and  an  exactly  similar  process  is  applied  to  the  oatmeal 
in  question.8     If  proper  care  be  taken  to  repeat  the  experiments,  the 

*  According  to  Muter,  a  mounting  medium  of  1  part  of  glycerin  to  2  of  water  pre- 
serves the  characters  of  starch  longest. 

2  Organic  Materia  Medica.    London,  1878. 

3  See  a  paper  by  E.  L.  Cleaver,  F.C.S.,  Analyst,  January  81,  1877. 
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result  is  a  near  approximation  to  the  truth.  If  photographs  are  taken  of 
these  mixtures  they  are  always  at  hand  for  reference,  and  much  time  is 
saved. 


DIVISION  I. — Starchbs  showing  a  Play  of  Colours  with  Polarised 
Light  and  a  Selknitk  Plate. 

Class  I. — The  hilum  and  concentric  rings  clearly  visible,  all  the  starches 
oval  or  ovate.  The  group  includes  tons  les  mois,  potato,  arrow-root, 
calumha,  orris-root,  ginger,  galangal,  and  turmeric. 

Tons  les  mois,  or  Canna  arrow-root,  is  furnished  by  the  Canna  edulis, 
nat.  order  Marantacece.  The  granules  vary  in  diameter  from  '0469  to 
*132  mm.  [*0018  to  *0052  inch].  They  present  themselves  under  several 
forms,  the  smaller  being  granular  or  ovoid,  the  larger  pyriform,  whilst  the 
largest  granules  are  flat,  oval,  and  pointed  at  their  extremities.  The 
hilum  is  annular,  eccentric;  the  rings  are  incomplete,  extremely  fine, 
narrow,  and  regular.  The  starch  dissolves  easily  in  boiling  water ;  solution 
of  potash  causes  the  granules  to  swell  rapidly,  and  gives  to  the  hilum  and 
lines  remarkable  clearness. 

Tous  les  mois  can  only  be  confused  with  the  potato ;  the  size  is  the 
chief  distinction.  The  granules  burst  in  water  at  72°  C,  and  they  give  a 
more  regular  cross  when  examined  by  polarised  light  than  those  of  the  potato. 

Curcuma  arrow-root,  which  is  also  called  East  Indian  (though  the  arrow- 
root ordinarily  sold  as  East  Indian  is  a  Maranta),  is  furnished  by  the 
Curcuma  angustifolia.  The  granules  are  elongated  triangular,  or  irregularly 
oval,  flattened,  and  almost  transparent.  The  normal  measurement  varies 
from  -0304  to  -0609  mm.  [-0012  to  00238  inch].  The  hilum  is  eccentric, 
not  very  distinct ;  the  concentric  rings  are  clearly  visible,  and  form  seg- 
ments of  a  circle.  The  application  of  heat  or  a  solution  of  potash  deforms 
the  grains  in  a  very  irregular  manner ;  they  begin  to  swell  about  72°  C. 

Maranta  arrow-root,  syn.  Jamaica,  St.  Vincent,  is  derived  from  Maranta 
arundinacea.  The  granules  are  somewhat  ovoid,  flattened,  and  tending  to 
a  triangular  shape  in  the  larger,  but  the  smaller  may  be  circular.  The 
concentric  layers  are  always  visible  and- numerous,  but  not  very  marked. 
Nucleus  is  central,  or  about  £  eccentric — in  some  circular,  in  others  linear ; 
from  the  nucleus  a  little  slit,  filled  with  air,  often  goes  to  the  edge. 
Length  of  granule  0  010  to  0  070  mm.,  average  0036  mm.  [=  -00138 
inch].  Tumefaction  in  water  begins  at  76°  C.  The  specific  gravity  of  the 
starch  taken  in  petroleum  or  benzole  is  1*504 ;  if  dried  at  100°,  1*565. 

Natal  arrow-root  is  probably  the  produce  of  Maranta  arundinacea,  the 
same  plant  from  which  Maranta  itself  is  derived,  but  growing  in  a  different 
climate.  The  majority  of  the  granules  are  broadly  ovate,  but  some  are 
occasionally  circular.  The  dimensions  are  from  *0327  to  *0375  mm.  [  00129 
to  '00148  inch].  The  eccentricity  of  the  hilum  ranges  between  T\  and 
The  laminaB  appear  under  water  with  special  clearness,  and  on  this  account 
granules  of  Natal  arrow-root  have  been  frequently  mistaken  for  those  of 
the  potato. 

Potato  starch,  syn.  Potato  arrow-root — The  starch  derived  from  the 
potato  (Solanum  tuberosum).  The  granules  vary  greatly  in  shape  and 
size,  some  being  small  and  circular,  others  large,  ovate,  and  oyster-shaped. 
The  hilum  is  annular,  and  the  concentric  rings  incomplete.    In  the  larger 
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-granules  the  rings  are  numerous  and  distinct.  The  normal  dimensions  are 
•06  to  -10  mm.  f0024  to  -0039  inch].  The  eccentricity  averages  £.  The 
granules  float  on  chloroform. 

Potato  starch  is  frequently  used  as  an  adulterant  of  the  arrow-roots. 
The  most  reliable  method  of  examination  is  careful  microscopic  observation, 
but  there  is  also  a  different  behaviour  with  regard  to  reagents,  viz. : — 

(1.)  Maranta  arrow-root,  mixed  with  twice  its  weight  of  hydrochloric 
acid,  produces  a  white  opaque  paste,  whereas  potato  starch  treated  similarly 
produces  a  paste  transparent  and  jelly-like. 

(2.)  Potato  starch  evolves  a  disagreeable  and  peculiar  odour  when 
boiled  with  dilute  sulphuric  acid,  which  is  not  the  case  with  arrow-root. 

(3.)  An  acrid  oil  may  be  extracted  from  the  starch  of  the  potato,  but 
not  from  that  of  the  Maranta. 

Ginger, — The  granules  are  variable  in  shape,  but  characteristic.  The 
usual  form  may  be  described  as  shortly  conical  with  rounded  angles ;  the 
hilum  and  rings  are  very  faint  Measurement  about  '0376  mm.  [='00148 
inch]. 

The  remaining  starches  belonging  to  this  group  are  distinguished  as 
follows : — 

Galangal  granules,  skittle-shaped,  with  faint  incomplete  rings,  an 
•elongated  hilum,  with  a  normal  measurement  of  '0342  mm.  ['00135  inch], 

Calumba. — The  starch  granules  of  Calumba  are  variable  in  form, 
most  of  them  are  pear-shaped.  They  have  a  semilunar  hilum,  and  faint 
•complete  rings.    The  measurement  is  about  '0469  mm.  ['00185  inch]. 

Orris-root. — The  starch  granules  are  of  a  characteristic,  elongated, 
oblong  shape,  with  a  faint  hilum.    Measurement  '028  mm.  ['0011  inch]. 

Turmeric  has  oval,  oblong,  conical  granules,  with  the  rings  well  marked 
and  incomplete.    Normal  measurement  '0376  mm.  ['00148  inch]. 


DIVISION  II. — Starches  showing  no  Iridescence,  or  scarcely  any, 
when  Examined  by  Polarised  Light  and  Selenites. 

•Glass  II. — The  concentric  rings  all  but  invisible;  hilum  stellate.    To  this 
group  belong  the  starches  of  the  bean,  pea,  maize,  lentil,  dari,  and  nutmeg. 

The  nucleus  of  the  Leguminosse  is  seen  usually  as  a  long,  more  or  less 
stellate,  air-filled  black  hollow.  The  concentric  layers  are  recognisable  if 
the  starch  is  treated  with  chromic  acid. 

The  starch  from  the  bean,  pea,  and  lentil  are  in  shape  oval,  oblong,  and 
.almost  identical ;  but  both  the  bean  and  pea  have  a  stellate  hilum,  whilst 
that  of  the  lentil  is  a  long  depression.  The  granules  of  the  bean  are  of  two 
kinds,  large  and  small;  the  large  are  fairly  uniform  in  size,  averaging 
'0343  mm.  ['00135  inch]  and  are  bean-shaped,  the  small  are  nearly  round ; 
those  of  the  pea  are  variable  in  size,  ranging  from  '0282  to  '0177  mm. 
['001 1 1  to  '0007  inch],  the  smaller  size  predominating.  The  lentil  granules 
average  '0282  mm.  ['00111  inch].  The  granules  of  the  nutmeg  are  of 
small  size  and  of  characteristic  shape.  Measurement  not  exceeding  012 
mm.  ['00047  inch].  The  starch  from  the  dari  is  in  small  elongated 
hexagons;  average  size  0188  mm.  ['00074  inch].  The  starch  from  maize 
varies  in  shape  from  round  to  polyhedral ;  the  granules  are  the  same  size 
;is  those  of  the  dari  ;  the  distinguishing  mark  is  the  rounded  angles  of  the 
polygonal  granules. 
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•Class  III. — Starches  having  both  the  concentric  rings  and  hilum  invisible  in 
the  majority  of  granules.  This  important  class  includes  wheat,  barley, 
rye,  chestnut,  acorn,  and  a  variety  of  starches  derived  from  medicinal 
plants,  such  as  jalap,  rhubarb,  senega,  etc.,  etc. 

Wheat  starch  is  extremely  variable  in  size,  being  from  '0022  to  '052 
mm.  ['00009  to  *0019  inch].  The  granules  are  circular,  or  nearly  so,  and 
flattened.  Polarised  light  shows  a  cross,  but  in  water  the  effect  is  not 
:great. 

Barley. — The  granules  of  barley  are  of  fairly  uniform  size— viz.,  '0185 
mm.  ['00073  inch],  but  a  few  measure  '07  mm.  The  shape  of  the  staroh 
is  that  of  slightly  angular  circles. 

Rye. — Rye  starch  is  similar  in  shape  to  barley  starch.  The  measure- 
ments are  from  -0022  to  '0375  mm.  [-00009  to  -00148  inch].  The  small 
granules  are  perfectly  round,  and  here  and  there  cracked. 

Chestnut. — The  starch  grains  vary  much  in  form ;  they  are  round  or 
elliptical,  or  three-  or  four-angled,  with  the  angles  rounded.  In  the  plaoe 
of  a  nucleus  there  is  almost  always  a  central  hollow  filled  with  air.  The 
■size  is  small  and  regular,  being  from  '0022  to  '022  mm.  ['00009  to  '0009 
inch],  and  this  regularity  of  size  is  the  chief  means  of  distinction. 

Acorn. — The  starch  granules  of  the  acorn  are  almost  round,  or  round- 
oval.  A  nucleus  may  be  made  out  after  treatment  with  chromic  acid; 
•eccentricity       Normal  measurement  '0188  mm.  ['00074  inch]. 

Class  IV. — All  the  granules  truncated  at  one  end.  This  class  includes 
sago,  tapioca,  and  arum,  besides  several  drugs — viz.,  the  starches  from 
belladonna,  colchicum,  scammony,  podophyllum,  canella,  aconite,  cassia, 
and  cinnamon. 

Sago. — A  starch  obtained  from  the  pith  of  certain  species  of  palms, 
especially  Sagus  levis  and  S.  Rumphii.  It  exists  in  commerce  as  raw  and 
as  prepared  sago ;  both  have  oval-ovate  granules,  the  normal  measurements 
of  which  are  from  0282  to  -0660  mm.  ['00111  to  0026  inch].  There  is  a 
circular  hilum  at  the  convex  end  of  the  raw  sago  granules,  and  rings  are 
faintly  visible ;  but  starch  granules  from  prepared  sago  have  a  large  oval 
or  circular  depression,  covering  nearly  one-third  of  each  granule. 

Tapioca  is  a  starch  furnished  by  the  Manihot  utUissima,  which  is  more 
or  less  altered  by  heat,  having  been  dried  on  hot  plates.  This  causes  some 
of  the  granules  to  swell,  and  thus  renders  indistinct  in  some  cases  the 
original  structure.  The  starch  is  in  groups  of  two  to  eight,  or  in  isolated 
granules.  When  resting  on  its  flat  surface,  the  granule  shows  a  little 
oircle,  and  round  this  is  a  broad  flat  zone ;  but  if  resting  on  its  curved  surface, 
the  granule  shows  contours  varying  from  a  kettle-drum  to  a  sugar- 
loaf  shape ;  and  it  can  then  be  recognised  that  the  nucleus  does  not  lie  in 
the  centre,  but  in  the  axis  of  the  granule,  and  always  nearer  to  the  curved 
than  to  the  flat  surface.  A  conical  hollow  exists  under  the  nucleus,  filled 
with  a  substance  slightly  refracting  light.  The  normal  measurement  is 
from  -0140  to  '01879  mm.  [-00055  to  00074  inch  I. 

Arum  starch,  sometimes  called  arum  arrouhroot,  has  somewhat  smaller 
grains  than  tapioca ;  they  are  truncated  by  two  facets ;  the  hilum  is 
eccentric.    The  normal  measurement  is  about  *014  mm.  ['00056  inch]. 
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Class  V. — In  this  class  all  the  granules  are  angular  in  form  ;  it  includes  oats, 
tacca,  rice,  and  pepper,  as  well  as  ipecacuanha  starcli. 

Oat  Starch  or  Meal. — The  starch  of  the  oat  is  mostly  polyhedral,  being 
irregularly  from  three- to  six-sided— -0044  to  '03  mm.  [-00017  to  -00118 
inch].  The  principal  starch  with  which  it  has  been  found  adulterated  is 
barley ;  but  great  caution  must  be  used,  for  oatmeal  contains  little  round 
masses  extremely  similar  to  barley. 

Tacca  arrow-root,  also  called  Tahiti  urrmo-root,  is  extracted  from  the 
Tacca  Oceanica  and  pinnatifida.  The  granules,  when  viewed  sideways, 
are  muller-shaped,  with  truncate  or  dihedral  bases;  when  seen  endways 
they  appear  circular,  occasionally  angular  or  polyhedral ;  sometimes  a  sort 
of  contraction  gives  them  a  subpyriform  appearance.  The  hilum  is  well 
developed,  often  starred.  The  normal  measurement  is  from  -0094  to  '0190 
mm.  ['00037  to  '00075  inch].  It  may  be  confused  with  maize  starch,  but 
tacca  has  sharp  angles ;  maize,  rounded. 

Mice  Starch. — Each  individual  grain  is  polygonal,  mostly  five-  or  six- 
sided,  here  and  there  three-sided.  If  a  high  magnifying  power,  such  as  £ 
or  be  used,  a  starred  hilum  may  be  seen.  The  normal  measurement  is 
from  '0050  to  '0076  mm.  [-0002  to  '0003  inch]. 

Pepper. — The  starch  of  pepper  is  in  small  polygonal  granules,  each  of 
which,  with  a  high  magnifying  power,  is  seen  to  possess  a  hilum.  The 
normal  measurement  is  from  -0050  to  0005  mm.  ['0002  to  00002  inch]. 

§  81.  Vogel  has  given  the  following  table  to  assist  in  the  diagnosis  of 
different  starches : — 

A.  Granules,  Single  throughout,  bounded  by  Rounded  Surfaces. 

I.  Nucleus  central,  layers  concentric. 

(a. )  For  the  most  part  round,  at  the  side  lens-shaped . 

Nucleus  round  or  a  radiating  slit 
(1.)  Large  granules,  0*0896  to  0*0628  mm.  [*0015  to  *002  inch]— RYE  STARCH. 
(2.)  Large  granules,  *0852  to  -0396  mm.  [*0013  to  *0015  inch]— WHEAT  STARCH. 
(8.)  Large  granules,  *0264  mm.  [*001  inch]— BARLEY  STARCH. 
(&.)  Egg-shaped,  kidney-shaped,  mostly  a  long,  often  a  ragged  slit ;  diameter  of  starch, 
-032  to  *079  mm.  ['0012  to  *003  inch]-LEGUMINOUS  STARCHES. 

II.  Nucleus  eccentric,  rings  markedly  eccentric  or  meniscus-shaped, 
(a. )  Granule  not  flattened,  or  only  slightly. 

(1.)  Nucleus  mostly  at  the  smaller  end,  '06  to  '10  mm.  ['0023  to  '0039  inch]— POTATO 
STARCH. 

(2.)  Nucleus  mostly  at  the  broad  end  or  towards  the  middle,  *022  to  '060  mm.  [*0008  to 

•0023  inch}— M ARANTA  STARCH  (W.  India  arrow  root). 
((.)  Granule  more  or  less  markedly  flattened. 

(1.)  Many  of  the  granules  drawn  out  more  or  less  at  one  end  into  a  short  point  near  the 

nucleus ;  at  the  most,  '060  long  ['0023  inch}— CURCUMA ;  at  the  most  *132 

mm.  ['0041  inch}— CAN N A. 
(2.)  Many  lengthened  into  a  disc,  bean,  or  club-shaped  form ;  nucleus  near  the  broader 

end,  -044  to  '075  mm.  long  ['0017  to  -0029}— BANANA  STARCH. 
(8.)  Many  markedly  kidney-shaped;  nucleus  near  the  edge — SOUTH  AMERICAN 

ARROW-ROOT  (Sisyrinchium  gaZaxoides). 
(4.)  Egg-shaped,  one  end  thinning  into  a  wedge  form,  placed  one  against  the  other, 

nucleus  at  the  smaller  end,  '05  to  '07  mm.  ['0019  to  *0027  inch]— YAM 

STARCH. 
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L  Granules  throughout  many-angled. 

(1.)  With  an  evident  nucleus,  largest  -0066  mm.  [  00025  inch]— RICE. 

(2.)  Without  a  nucleus,  the  largest  *0088  mm.  [-00034  inch] — MILLET  STARCH. 

II.  Among  many  angular  forms  also  some  rounded. 

(A.)  No  drum-shaped  starches  present,  angular  forms  predominating. 

(1.)  Without  a  nucleus,  very  small,  *0044  mm.  [-00016  inch]— OAT  STARCH. 

(2.)  With  a  nucleus,  0132  to  -0220  mm.  [-0005  to  *0008  inch]. 

(a.)  Evident  round  nucleus,  here  and  there  the  smaller  combined  granules  in  variously 

shaped  groups— BUCKWHEAT. 
(b.)  Mostly  a  radiating  or  star-shaped  fissure,  none  of  the  granules  united — MAIZE. 
(B.)  More  or  less  numerous  drum-shaped  to  sugar-hat  shaped  granules. 
(1.)  Numerous  eccentric  layers.    Largest  granules,  *0220  to  *0352  mm.  ['0008  to  "0014 

inchJ-BATATA  STARCH. 
(2.)  Without  concentric  circles,  *008  to  022  mm.  [-0003  to  -0008  inch], 
(a.)  The  slit  of  the  drum-shaped  ]«rticles  enlarged  towards  the  flattened  side,  -008  to 

•022  mm.  [  0003  to  0008  inch]— CASSAVA  STARCH. 
(b.)  Slit  wanting  or  not  large. 

(aa.)  Nucleus  small,  eccentric,  '008  to  -016  mm.  [-0003  to  0006  inch]— PACHYR- 

HIZUS  ANGULATUS. 
(bb.)  Nucleus  small,  central,  or  wanting. 

(aaa.)  Irregular  many -angled  forms,  009,  '008  to  -0176  mm.  [*0003  to  -0007  inch]— 

SECHIUM  STARCH  (Cucurbitaceue). 
(bbb.)  Only  a  few  angular  forms,  some  with  a  radiated  fissure,  *008  to  '0176  mm.  ['0003 

to  0007  inch]— CHESTNUT  STARCH. 
C.  Granule*  Single  and  Compound,  the  Majority  Egg-shaped  and 

Bounded  with  Eccentric  Nucleua  and  Numerous  Concentric  Layers, 

the  Compound  Masses  composed  of  a  Large  Granule  and  one  or  a 

few  very  Small  Flattened  Drum-Shaped  Bodies. 
•025  to  066  mm.  ['00097  to  '0025  inch]— SAGO  STARCH. 

Karmarsch  has  determined  the  maximum  size  of  some  of  the  starches. 
Karmarsch's  values,  as  well  as  Wiesner's,  are  arranged  in  the  following 
Table  (XIV.).  They  differ  in  a  few  instances  from  the  dimensions  the 
author  has  given  at  pp.  143,  144. 


TABLE  XIV. 


Karma  recti. 


Wiesner. 


General  size  of  potato, 

Maximum,  . 
Maranta  starch, 
Hogbean,  Vicia  fabtt, 
Sago,     .  . 
Linseed, . 
Common  bean, 
Pea, 

Wheat  starch, 
Batata,  . 
Rye,      .  . 
Maize,  . 
Tapioca,  . 
Rice, 
Barley,  . 
Millet,  . 


mm. 

inch. 

mm. 

inch. 

•100 

•0039 

•06  to  10 

0024  to  -0039 

•185 

•0079 

•140 

0055 

•01  to  -07 

•0004  to  -0028 

•075 

•0029 

•065 

•0025 

•070 

•0027 

•033 

•0012 

•067 

•0026 

033  to  -039 

•0012 

•063 

0024 

•057 

•0021 

•050 

•0019 

0283 

•0011 

•050 

•0019 

•045 

•0018 

•0369 

•0014 

•031 

•0012 

•030 

•0012 

•020 

•0007 

028 

•0010 

•022 

•0008 

•025 

•0009 

•0203 

•0007 

•010 

•0004 

•009 

•0008 

IO 
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Wbbat — Whkatesi  Flour. 

g  82.  The  wheat  cultivated  in  this  country  is  the  Triiicum  vulgare,  of 
which  there  are  two  varieties— the  T*  cettivum^  or  summer  wheat,  and  the 
T.  hybernum,  or  winter  wheat.   The  mean  composition  of  wheat  from  250 

analyses  is  as  follows  \Konig\ :■ — 

w  Per  emit. 

Water,   18"66 

Nitrogenoua  substances,   12*42 

Fat,   170 

Sugar,   1*44 

Gum  and  dextrin,   2*88 

Starch,   64*07 

Fibre   2'62 

Ann   179 

These  analyses  do  not  include  Russian  wheat  In  the  central  parts  of 
South  Russia  a  wheat  is  grown  which  lias  an  amount  of  nitrogenous  sub- 


Fio.  26  is  a  representation  of  the  microscopical  structure  of  wheat  when  a  fine  section 
of  the  seed  U  made,  x  190.  a  is  the  cells  of  the  bran ;  b  the  cells  of  the  thin  cuticle  ;  t 
the  gluten  cells  ;  d  the  starch  cells  ;  B,  wheat  starch,  x  350. 

stances  quite  uncommon  —  the  mean  of  twenty-four  analyses  giving  a  per- 
centage of  3*45  nitrogen  and  21*56  nitrogenous  substances.  The  mean 
composition  of  the  ash  of  eutire  wheat  is  as  follows : — 


Potash, 
Soda,  . 
Lune,  , 
Magnesia, 
Ferric  oxide, 
Phosphoric  acid. 
Sulphuric  acid, 
Silica,  . 
Chlorine, 


Winter  wheat.   Summer  wheat. 


:sri« 

2*25 
8*34 
11  97 
1*31 
4**98 
■37 
2*11 
*22 


B9<M 
1*93 
2'93 
12*09 
■51 
48-63 
1'62 
1  64 
-48 


According  to  the  researches  of  M.  Duvivier,  of  Chartres,  the  external 
part  of  the  envelope  of  the  grain  is  covered  with  fatty,  odorous,  and 
nitrogenous  matters,  which  are  in  a  particular  combination,  and  form  on 
the  grain  a  very  tenacious  coating — a  sort  of  preservative,  and  communi- 
cating an  odour  quite  sui  generu.    These  substances,  which  are  named 
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certalin,  tritisecaline,  etc.,  are  isolated  by  treating  the  entire  grain  with 
oold  ether,  and  then  allowing  the  ethereal  extract  to  evaporate  spontane- 
ously. However,  neither  the  nature  nor  even  the  presence  of  these 
matters  can  be  considered  satisfactorily  established,  and  further  investi- 
gation seems  necessary. 

§  83.  Constituents  of  Flour. — Flour%  in  the  common  acceptation  of  the 
term,  is  ground  wheat  freed  from  bran. 

The  physical  characters  which  flour  should  possess  are  as  follows : — It 
should  be  an  almost  perfectly  white,  fine  powder,  with  only  the  slightest 
tinge  of  yellow,  and  it  should  be  free  from  acidity ;  the  odour  should  be 
sweet.  It  should  exhibit  no  trace  of  bran  when  pressed  smooth  by  means 
of  a  polished  surface ;  and  it  should  have  a  certain  amount  of  cohesiveness 
sufficient  to  retain  for  some  time  any  shape  impressed  upon  it  by  squeezing. 
The  microscopical  characters  of  good  flour  are:  the  absence  of  foreign 
starches,  of  fungi,  etc.,  and  the  presence  alone  of  the  elements  of  ground 
wheat.   (See  pp.  143,  144,  and  145,  for  measurements  of  the  starches.) 

The  chemical  composition  of  ground  wheat  is  represented  in  the  follow- 
ing table,  giving  the  mean  of  fourteen  analyses  by  Peligot : — 1 

Mean  of  Extremes. 

14  analyses.  Max.  Mln. 

Water  14*0  15*2  13*2 

Fat  1-2  1-9  l'O 

Nitrogenous  matter  insoluble  in  water,     .    12*8  19*8  8*1 

Soluble  nitrogenous  matter — albumen,     .     1*8  2*4  1*4 

Soluble  non-nitrogenous  matter— dextrin,  .     7*2  10*5  5*4 

Starch                                                59*7  66*7  65*1 

CeUulose,  1*7  2*8  1*4 

Ash,  1-6  1-9  1*4 

The  percentage  of  ash  from  the  whole  wheat  is  much  higher  than  that 
of  ordinary  flour,  the  bran  containing  muoh  ash.  Thus,  100  parts  of  bran 
contain — 

Per  cent 

Water  18  1 

Albumen,  coagulated,  19*8 

Fat  4*7 

Husk  and  a  little  starch,  55*6 

Ash,  7*3 

The  analyses  of  Millon  2  and  KekulcS  give  the  following  :— 

Wheat  bran. 
Millon.  Kekule. 

Starch,  62*0  1 

Gluten,  14*9  f  673 

Sugar,  1*0 

Fat,  8*6  41 

Wood  fibre,  9*7  9*2 

Salte,  6*0  58 

Water  13  8         18  8 

whilst  100  parts  of  flour,  according  to  Wanklyn,  contain — 

Per  cent. 

Water,  16*5 

Fat,  1'2 

Gluten,  etc.,  12*0 

Starch,  etc,  69*6 

Ash   '7 

1  According  to  Church,  Indian  wheat  contains  from  10*3  to  167  per  cent  of 
albuminoids,  the  average  being  18*5  (Food  Grains  of  India). 

2  Oompies  rendu*,  zzviii.,  p.  40. 
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C.  O'Sullivan  [Journal  Chem.  Soc.,  Trans.,  xli.,  24]  has  described  two 
varieties  of  starch  found  in  barley,  wheat,  and  rye,  under  the  names  of  a 
and  P  amylan. 

The  principles  of  separation  are  briefly  as  follows  : — The  finely  ground 
grain  is  freed  from  sugars,  certain  albuminoids,  and  other  substances,  by 
alcohol  (specific  gravity  *90),  the  residue  is  then  treated  with  water  at  from 
35°  to  38°  C.  for  several  hours.  The  solution  is  filtered  and  evaporated 
until  it  becomes  fairly  thick.  Alcohol  of  specific  gravity  -83  to  *84  is  now 
added  to  complete  precipitation;  the  precipitate  is  purified  by  repeated 
treatment  with  alcohol,  and  a  dry,  friable  substance  obtained  which  is  an 
impure  mixture  of  a  and  /?  amylan. 

The  substance  is  purified  by  (1)  treatment  with  cold  water  which 
dissolves  out  the  ft  amylan,  (2)  dilute  hydrochloric  acid  which  dissolves 
out  traces  of  mineral  matter,  and  (3)  solution  in  boiling  water,  filtration, 
and  precipitation  by  alcohol.  By  repetition  of  these  processes  a  snow- 
white  body  was  obtained,  which  only  gave  '3  per  cent,  of  ash,  and  had  the 
percentages  of  C,  H,  and  O  of  a  starch. 

a  amylan  is  nearly  insoluble  in  cold  water,  it  gelatinises  in  water,  and 
in  2  per  cent,  solution  forms  a  clear,  jelly-like  fluid.  A  solution  contain- 
ing 1  per  cent,  of  dry  substance  has  a  specific  gravity  of  1*00396,  and  in 
a  200  ram.-tube  an  optical  activity  at  15  '5  C,  equal  to  [aj,  -  24°. 

It  does  not  reduce  alkaline  copper  solution,  and  is  converted  into 
dextrose  without  yielding  any  of  the  intermediate  products  furnished  by 
starch.  (3  amylan  obtained  from  the  cold  water  solution  of  the  impure 
mixture  of  the  amylans,  by  precipitating  by  alcohol,  and  purified  on  pretty 
well  the  same  lines  as  before  detailed,  is  a  snow-white  body  soluble  in  cold 
water,  and  having  an  optical  activity  three  times  as  great  as  a  amylan,  and 
yielding  by  treatment  with  lime  a  bi-rotatory  body. 

Barley  contains  about  2  per  cent,  of  a  amylan,  and  0*3  per  cent,  of  ft 
amylan.  Wheat  and  rye  contain  from  2  to  2*5  per  cent,  of  j$  amylan,  and 
from  '05  to  '1  per  cent,  of  a  amylan.  Malt  does  not  contain  a  amylan,. 
but  a  body  like  ft  amylan,  but  more  soluble. 

Determination  of  Nitrogenous  Matter. 

The  nitrogenous  matter  of  the  cereals  has  been  usually  determined  by 
a  combustion  and  subsequent  estimation  of  the  nitrogen.  Mr.  Church  has, 
however,  shown  that  this  method  of  estimation  is  not  perfectly  reliable  as 
a  measure  of  the  flesh-formers,  or  albuminous  matters  properly  so  called. 
In  a  valuable  series  of  researches  on  this  point,  with  regard  to  wheat, 
barley,  and  oats,  Wigner  was  one  of  the  first  to  show  that  these  nitrogenous 
flesh-forming  constituents  had  been  over-estimated,  since  nitrogen  com- 
bined in  other  forms  than  proteid  was  present  in  larger  quantities  than 
had  been  hitherto  supposed.  This  is  more  especially  true  as  regards  the 
husk  and  bran,  very  little  non-coagulable  nitrogenous  matter  being  con- 
tained in  the  flour  properly  m  culled.  These  analyses  were  carried  out  as 
follows : — 

50  grains  of  the  sample  were  ground  iu  a  warm  porcelain  mortar  with 
enough  carbolic  acid  to  form  a  paste.  Two  or  three  drops  of  dilute  acid 
wm  added,  and  the  paste  then  diluted  with  hot  carbolic  acid  and  allowed 
cool,  filtered,  and  the  filter  washed  with  carbolic  acid  of  the  same 
.  By  this  treatment  all  the  true  albuminoids  were  coagulated  and 
in  the  filter,  while  any  nitrogenous  matter,  either  as  nitrates, 
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nitrites,  alkaloids,  or  gluten,  passed  through  the  filter.  The  residue  in  the 
filter  was  washed  down  into  the  point  as  far  as  possible,  and  the  filter 
dried;  the  residue  detached,  and  the  filter  itself  finely  shredded  with 
.scissors  and  ground  to  powder,  and  then  burnt  in  a  combustion-tube  in 
the  usual  way. 

The  samples  were  collected  so  as  to  give  examples  of  every  class  of 
wheat,  barley,  and  oats,  and  ground  by  the  operator.  Treated  in  this 
manner,  Mr.  Wigner  found  that  17*7  per  cent,  of  the  total  nitrogen  in 
wheat,  17*6  per  cent,  of  that  in  oats,  and  14-7  per  cent,  in  that  of  barley, 
as  an  average,  deduced  from  the  examination  of  fifteen  samples  of  each, 
was  present  in  such  a  form  as  not  to  be  capable  of  coagulation  by  carbolic 
acid.  The  extremes  in  various  samples  differed  widely,  and  it  would 
appear  as  though  we  may  have  by  this  process  a  method  of  distinguishing 
the  nutritive  value  of  one  sample  of  grain  from  another.1  In  a  research 
by  the  senior  author,  the  nitrogen  as  nitrates  in  the  bran  was  estimated 
as  '0071  grm.  per  cent.;  peptone  was  precipitated  by  phospho-molybdic 
acid,  and  found  to  exist  in  the  proportion  of  about  '75  per  cent.  In  whole 
meal  the  nitrogen  as  nitrates  was  *043  per  cent.,  the  peptone  1  00  per  cent. 

Weinwurm2  has  made  a  similar  research  by  a  different  process;  10 
grms.  of  the  substance  were  treated  with  200  c.c.  of  water  and  0'5  c.c.  of 
acetic  acid,  the  whole  warmed  twenty  minutes  on  the  water  bath,  the 
solution  cooled,  made  up  to  500  c.c,  and  in  50  c.c.  the  soluble  nitrogen 
estimated.  Weinwurm  erroneously  calls  this  *  amido-nitrogen  ' ;  but  it  is 
obvious  that  the  solution  will  contain  other  forms  of  nitrogen  than  amido. 
The  results  differ  from  Wigner's  because  of  the  difference  in  the  process. 

The  vast  improvement  in  modern  mills  worked  with  steel  rollers 
separates  wheat  into  nine  varieties  of  flour  and  three  varieties  of  bran  of 
different  degrees  of  fineness.  Weinwurm  ascertained  the  soluble  nitrogen 
in  all  these  qualities,  as  well  as  other  principles ;  his  results  are  contained 
in  Table  XV.  The  fineness  deoreases  from  Nos.  0  to  9  ;  and  it  is  clear 
that  the  finer  the  flour  there  is  less  nitrogen,  more  starch  and  less  ash.  It 
has  also  been  ascertained  that  coarse  flour  is  more  digestible  than  fine. 


TABLE  XV. 


Original  wheat,  . 
Flour,  No.  0, 

n      »»  1» 

9 

>>      »♦  • 

It  II  3, 

it  it  ^» 
ti         it  5, 

»,  11  6i 

11  11  7,  . 

tt  11  8, 

it  tt  ®» 

tt  11  8, 

>!         II  9, 

•Fine  bran,  . 
Medium  fine  bran, 
Coarse  bran, . 


Yield. 


6-0 
14*0 
6  0 
4*0 
6*0 
6-0 
4*0 
12*0 
6-0 
5*0 
5-0 
3-0 
160 
2-0 
20 


Water. 


Insoluble  Soluble 
N.  N. 


Fat, 


Starch, 
etc. 


Fibre. 


13  37 
12-56 
12-54 
1248 
12  50 
12-50 
1248 
12-39 
12-35 
12-41 
12*40 
11-72 

10-  64 

11-  35 
11-55 
12*37 


Aih. 


10  69  ! 

2  93 

1-98  ; 

80*41 

1-90 

2-09 

8*38  ; 

3-06 

0  83  ! 

87*26  . 

Trace 

0-47 

8*32 

3-06 

0  92  1 

87*20 

i  > 

0-50 

8-87 

2-95 

0-97 

86-69 

ti 

0-52 

8*94 

2-89 

1-05 

86-57 

0-55 

875  ; 

317 

1-10  | 

86*45 

0*53 

8-94 

3  00 

1-15 

86-36 

0-55 

9-38 

3  00 

1-17 

85-87 

0-02 

0-56 

9-82 

3-06 

1-28 

85*01 

0-09 

0-74 

10-06 

3-22 

1-30 

84-55 

0-06 

0-81 

12-66 

2-72 

1-91 

81-52 

0-08 

1-21 

14-34 

3-00 

3-51 

76-90 

1-02 

2-23 

15-02 

2-55 

4*02 

74-20 

!  165 

2*66 

13*50 

8-06 

4*54 

63*64 

8-71 

6*56 

13-38 

2*72 

3  96 

63-97 

!  9-08 

6-89 

13*44 

3-17 

3*46 

62-18 

j  9-79 

8-01 

1  See  Analyst,  July,  August,  1878. 

2  Ocsttrr-Ungar.  ZUchr.  f.  Zuckerindustrie  u.  Landw.,  1890,  Heftii. 
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A  similar  more  recent  research  has  been  made  by  Professor  Snyder 1  of 
the  University  of  Minnesota,  on  experiments  on  bread  which  necessitated 
careful  analyses  of  the  different  forms  of  flour. 

In  order  to  avoid  the  error  inseparable  from  analysing  the  varied  mill 
products  of  different  varieties  of  wheat,  various  flours  were  extracted  by 
the  process  of  milling  from  the  same  wheat. 

Hence  the  analyses  show,  with  greater  accuracy  than  heretofore,  the 
composition  of  the  several  kinds  of  flour  which  may  be  produced  by  the 
most  modern  and  improved  system  of  '  milling.' 

The  explanation  of  the  various  terms  is  as  follows : — 

First  Patent  Flour. — This  is  the  highest  grade  of  flour.  The  gluten  having 
considerable  power  of  expansion,  it  produces  a  very  white  and  large  loaf. 

Second  Patent  Flour. — Similar  to  the  first,  but  not  quite  so  white. 

Standard  Patent  Flour. — Ordinary  flour  as  found  in  the  American 
market,  and  formed  of  a  mixture  of  the  first  and  second  patent. 

First  Clear  Grade  Flour. — This  contains  slightly  more  protein  than  the 
flours  described  above,  but  apparently  does  not  contain  the  right  pro- 
portions of  gliadin  and  gluten  in  to  produce  so  good  a  quality  of  bread  as 
the  patent  flours. 

Second  Clear  Grade  or  Low  Grade  Flour. — This,  in  the  process  of  milling, 
is  only  separated  in  small  quantity,  about  0'5  per  cent.  It  contains  a  high 
percentage  of  protein,  but  it  does  not  make  good  bread,  the  gluten  being 
of  poor  quality. 

Red  Dog  Flour. — This  consists  largely  of  the  germ  or  embryo  and 
adjacent  portion  of  the  wheat,  and  contains  a  relatively  high  proportion  of 
protein.    It  is  distinctly  coloured,  and  produces  a  small  dark  coloured  loaf. 

Middlings  or  Shorts. — This  mainly  consists  of  fine  bran. 

Bran. — The  episperm  or  outer  covering  of  the  wheat. 

Entire  Wheat  Flour. — This  must  not  be  considered  as  denoting  literally 
what  its  name  indicates.  A  portion  of  the  bran  is  removed,  and  then  the 
rest  is  ground. 

Graham  Flour. — The  entire  wheat  kernel,  bran  included,  is  ground 
into  meal.  Hence  this  might  truly  have  been  called  '  entire-wheat  flour.1 
The  presence  of  the  bran  prevents  the  meal  being  finely  ground ;  hence  it 
contains  many  coarse  products. 

WJieat  Ground  in  Laboratory. — This  is  the  wheat  from  which  the  above 
products  were  derived.  The  wheat  was  a  hard  Scotch  Fife  spring  wheats 
plump  and  of  good  quality,  weighing  60  pounds  to  the  bushel. 

Gluten  Flour. — A  flour  containing  as  high  a  percentage  of  protein  as  it 
is  possible  to  obtain  by  the  ordinary  roller-process  rolling. 

The  acidity  in  the  Table  XVI.  is  calculated  as  lactic  acid.  The  value 
for  proteids,  it  will  be  observed,  has  been  calculated  by  using  the  factor  5*7 
instead  of  the  usual  one  of  6*25.  The  ash  increases  from  the  first  patent 
up  to  the  'bran,1  so  that  with  regard  to  flours  derived  from  the  same 
sample  of  wheat  the  different  grades  of  flour  can  be  determined  by  a  simple 
determination  of  the  ash. 

Chemically  the  lower  grades  have  a  higher  nutritive  value,  but 
physiologically  the  experiments  of  Snyder  and  others  show  that  the  protein, 
of  the  lower  grades  is  in  such  an  insoluble  form  that  it  passes  away 
undigested,  and  that  the  higher  grade  flours  are  more  nutritious. 

The  nitrogenous  constituents  of  flour  comprised  under  the  name  of 

1  Studies  on  Brand  and  Bread -making  at  the  University  of  Minnesota  in  1899- 1900, 
Harry  Snyder,  B,S«,  Washington,  1901. 
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gluten  are  probably,  from  the  researches  of  T.  Weyl  and  Bischoff,1  not 
readily  formed  in  the  flour,  but  the  result  of  the  action  of  a  ferment 
like  myosin,  which,  however,  has  not  been  isolated.  This  theory  would 
account  for  the  fact  that  (as  observed  by  Mitscherlich  and  Krocher)  wheat 
in  which  no  sugar  could  be  found  before  being  sent  to  the  mill,  on  being 
moistened  and  ground  yielded  as  much  as  4  per  cent  of  sugar. 

TABLE  XVI. — Composition,  Acidity,  and  Heats  of  Combustion  of  Floubs 

AND  OTHER  MILLING  PRODUCTS  OF  WHEAT. 


Heatoof 

X 

S 

1 

combustion. 

Milling  product. 

I 

i 

•a 

4 
< 

*§ 

Acidity 

1 

Firot  patent  flour, 
Second  patent  flour, 

10-55 

11-08 

1-16 

76-85 

•37 

•15 

•08 

8*989 

4-032 

10-49 

11-14 

1-20 

76-75 

•42 

•17 

•08 

3-992 

4  006 

Straight    or  standard 

patent  flour, 

10-64 

11-99 

1-61 

75-86 

•50 

•20 

09 

4*022 

4  060 

First  clear  grade,  . 

10-13 

1374 

2-20 

73  13 

•80 

•34 

12 

4087 

4  097 

Second  clear  grade, 

10-08 

15  03 

377 

69-87 

1-75 

•56 

•27 

4*153 

4-267 

'Red  Dog' flour,  . 

9-17 

18-98 

7*00 

61-37 

3*48 

•59 

4*349 

4*485 

Shorts, 

8-73 

1487 

6-87 

65-47 

4-56 

•14 

4*219 

4*414 

Bran,  .... 

9-99 

14-02 

4*39 

65-54 

6  06 

2-20 

•23 

3  988 

4*198 

Entire  wheat  flour, 

10-81 

12-26 

2-24 

73-67 

1-02 

•54 

•82 

4*026 

4*082 

Graham  flour, 

Wheat  ground  in  labora- 

861 

12-65 

2-44 

74-58 

1-72 

•71 

•18 

4*123 

4*148 

tory, 

8-50 

12*65 

2*36 

74-69 

1-80 

•75 

•18 

4114 

4*140 

Gluten  flour, 

857 

16-36 

315 

70-63 

1-29 

•14 

.. 

Gluten  is  composed  of  at  least  four  bodies — gluten-casein,  gluten-fibrin^ 
mucedin,  and  gliadin. 

Gluten  may  be  obtained  by  merely  kneading  the  flour  into  a  paste,  and 
then  washing  all  the  starch  out  of  the  paste  in  a  thin  stream  of  water. 
For  this  purpose  a  rose  with  very  fine  holes  may  be  fixed  to  a  water  tap, 
the  flour  made  into  a  paste  with  water,  the  paste  spread  out  on  a  rather 
fine  hair  sieve,  and  the  streams  of  water  made  to  play  upon  the  paste, 
which  is  gently  kneaded.  When  ail  the  starch  is  washed  out,  the  effluent 
runs  almost  clear.  As  thus  obtained,  it  is,  in  the  moist  state,  a  yellowish- 
grey,  very  elastic,  adhesive  mass;  and  when  dry,  somewhat  horny.  It 
dissolves  for  the  most  part  in  alkaline  liquids  and  in  acetic  acid.  From 
the  gluten  the  four  bodies  mentioned  may  be  separated  as  follows : — 

1.  Gluten-casein. — The  well-washed  gluten  is  digested  a  few  days  with 
potash  solution  (for  every  100  grms.  of  gluten  about  3  to  4  grms.  KHO). 
The  clear  solution  is  decanted  from  the  insoluble  residue,  and  precipitated 
by  acetic  acid  in  the  least  excess.  The  precipitate  is  exhausted  successively 
with  60  per  cent  and  with  80  per  cent,  alcohol,  then  with  absolute 
alcohol,  and  lastly  with  ether.  The  insoluble  portion  now  consists  of 
gluten-casein,  which  may  be  purified  by  solution  of  weak  potash  lye, 
precipitated  by  acetic  acid,  washed  with  water  and  alcohol,  and  dried  in  a 
vacuum.  It  forms  a  whitish-grey,  voluminous,  earthy  mass,  soluble  in 
dilute  alkaline  solutions,  but  insoluble  in  water,  whether  hot  or  cold.  At  100* 
1  Bcr.  der  detUsch.  chem.  Geiellschaft,  1880,  p.  1064. 
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it  soon  changes  into  a  modification  insoluble  in  alkaline  fluids.  Its  solution 
in  very  dilute  alkaline  fluids  becomes  turbid  on  exposure  to  the  air,  and  is 
precipitated  in  a  flocculent  condition  by  the  heavy  metals.  The  elementary 
analysis  of  gluten-casein  gives  the  following  percentages: — Carbon  52  9, 
hydrogen  7*0,  nitrogen  17*1,  oxygen  22  0,  and  sulphur  TO.  On  heating 
gluten-casein  with  sulphuric  acid  tyrosin,  leucin,  glutamiue  acid,  and 
asparagic  acid  with  ammonia,  are  among  the  products. 

The  gluten-casein  of  rye  seems  to  be  similar  to  that  of  wheat 
[Ritthausen]. 

2.  Qluterirfibriji. — The  substances  remaining  in  solution  from  1  are 
gluten-fibrin,  mucedin,  and  gliadin.  The  first  is  separated  by  distilling  the 
united  alcoholic  extracts  to  one-half,  when  it  separates  as  a  brownish- 
yellow  mass.  It  may  be  purified  by  repeatedly  dissolving  in  a  little  60  to 
70  per  cent,  alcohol,  from  which  it  separates  on  cooling.  This  property  is, 
indeed,  characteristic  of  gluten-fibrin.  It  forms  a  tenacious  brownish- 
yellow  mass,  becoming  horny  on  drying.  It  is  insoluble  in  cold  water ;  boil- 
ing water  partly  decomposes  and  changes  it  into  a  modification  insoluble 
in  alcohol,  acetic  acid,  and  potash.  The  elementary  composition  of  gluten- 
fibrin,  according  to  Ritthausen,  is  carbon  54*3,  hydrogen  7*2,  nitrogen  16*9, 
oxygen  20*6,  and  sulphur  TO. 

3.  Mucedin. — The  alcoholic  extracts  from  2.  contain  mucedin  and 
gliadin,  and  are  united  and  evaporated  to  dryness.  The  varnish-like 
residue  is  treated  with  ether  to  remove  fat,  dissolved  in  warm  60  to  70 
per  cent,  alcohol,  allowed  to  cool,  and  filtered  from  any  gluten  fibrin  still 
remaining.  The  mucedin  is  now  precipitated  in  a  flocculent  state  by  strong 
alcohol,  and  by  a  repetition  several  times  of  this  operation  is  obtained  pure. 
When  fresh,  it  is  a  whitish-yellow,  slimy  mass;  when  dry,  a  horny, 
crumbling  mass.  It  dissolves  easily  in  60  to  70  per  cent,  alcohol,  but  is 
precipitated  by  90  per  cent,  alcohol.  The  acetic  acid  solution  is  coloured  a 
toautiful  violet  on  the  addition  of  sulphate  of  copper  and  potash,  and 
slightly  warming. 

The  mucedin  from  rye  and  barley  is  similar  to  that  of  wheat 
[Ritthausen].    The  elementary  composition  of  mucedin  is  as  follows  : — 

Wheat.  Eye.  Barley. 

Carbon,                                      54*1  53  "6  54*0 

Hydrogen,                                   6*9  6*8  7*0 

Nitrogen,  16*6  16*8  17*0 

Oxygen  215  22*3  21*3 


Uxvcen, 
Sulphur, 


•9         -5  7 


4.  Gliadin. — Gliadin  is  obtained  by  evaporating  the  alcoholic  solution 
left  from  3.  It  then  remains  behind  as  a  clear  yellow  varnish,  which  is  so 
tenacious  that  it  may  be  drawn  into  threads.  By  treating  it  with  absolute 
alcohol  and  ether,  it  is  changed  into  a  friable,  lustreless  mass.  It  is  easily 
dissolved  by  40  to  80  per  cent,  alcohol,  and  this  solution  is  made  milky  by 
absolute  alcohol  and  water,  turbid  by  ether.  By  boiling  it  is  changed  into 
an  insoluble  modification.  If  digested  with  cold  water  it  dissolves,  and  the 
solution  is  opalescent  and  frothy,  giving  a  precipitate  with  tannic  acid  and 
soda.  Gliadin  dissolves  in  dilute  alkaline  and  alcoholic  solutions  and  in 
acetic  acid  ;  on  neutralisation,  or  on  addition  of  salts  of  the  heavy  metals, 
precipitates  are  formed. 

A  simpler  composition  than  that  just  ascribed  to  the  proteids  is  given 
by  Osborne,1  who  considers  the  wheat  flour  proteids  to  consist  of  (\) 

1  Amtr.  Chrrn.  xv.  (1893),  pji,  408-471, 
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albumen,  soluble  in  water  and  coagulable  by  heat ;  (2)  a  globulin,  soluble 
in  dilute  salt  solution  and  coagulable  by  heat ;  (3)  a  proteose  body,  soluble 
in  water  and  not  coagulable  by  heat ;  (4)  gliadin,  soluble  in  dilute  alcohol ; 
and  (5)  gluten  in,  insoluble  in  water,  salt  solutions,  or  dilute  alcohol.  Gluten 
is  a  mixture  of  60  to  70  per  cent,  gliadin,  and  30  to  40  per  cent,  glutenin. 
It  is  the  gliadin  which  forms  the  sticky  part  of  the  dough  and  retains 
the  gas,  thus  making  bread  light. 

W.  Mayer  has  discovered  a  very  important  ratio  between  the  total 
phosphoric  acid  in  wheat  and  corn  generally,  and  the  total  nitrogen — 1 
part  of  phosphoric  acid  corresponding  to  2  parts  of  nitrogen ;  the  extreme 
Tariations  do  not  appear  to  be  more  than  from  1:1*83  to  1:2*19. 
Kitthausen,  U.  Kreusler,  and  Pote,  have,  however,  found  that  in  wheats 
very  rich  in  nitrogen,  the  proportion  may  be— phosphoric  acid  1*  to  1*31. 


Analysis  of  Flour. 

§  84.  The  analysis  of  flour  should  in  all  cases  be  preceded  by  a  careful 
microscopical  examination,  combined  with  measurement  by  a  micrometer 
in  order  to  detect  any  foreign  starches,  etc.  Flour  in  this  country  is 
pretty  well  free  from  organic  admixture ;  but  cases  do  occur,  and  have 
occurred  iu  other  countries,  in  which  there  has  been,  from  carelessness  in 
the  cultivation  and  reaping,  some  one  or  other  of  the  following  seeds  : — 
M dampy  rum  ai-vense  [Scrophulariacese],  Lychnis  gitliago,  Lolium 
temidentum ;  or,  in  bad  seasons,  *  blighted '  and  '  ergotised '  corn  ground  up 
with  good  corn. 

The  Mdampyrum  arvense,  or  purple  coto  wheat,  is  a  not  uncommon 
flower  in  cornfields.  Its  structure  is  unlike  that  of  wheat,  and  may  be 
•discovered  by  the  microscope.  A  chemical  test  is  as  follows: — About  15 
grms.  of  the  flour  are  made  into  a  soft  paste  with  acetic  acid,  diluted  with 
double  its  volume  of  water.  The  paste  is  placed  in  a  platinum  dish,  and 
the  water  and  acid  completely  driven  off  by  a  gentle  heat.  The  paste  on 
section,  should  the  melampyrum  have  been  mixed  with  the  flour,  shows  a 
coloration,  violet  or  purple,  according  to  the  quantity. 

C.  Ifartwich  found  a  rye  bread  which  was  of  a  violet  colour.  The  rye 
flour  from  which  it  was  made  contained  no  less  than  1  *6  per  cent,  of  the 
seeds  of  the  melampyrum.  An  alcoholic  extract  of  the  flour  showed  an 
intense  green  colour,  and  sulphuric  acid  gave  a  blue  play  of  colours.  The 
seeds  not  only  of  Mdampyrum  arvense,  but  also  of  M.  cristatum,  Rhinanthus 
hirsutus,  Akdorolophus  maior  and  minor,  Euphrasia  odontidis,  and 
Pedicularis  palustris,  all  give  a  violet  colour  to  bread,  and  probably 
contain  the  same  colouring-matter — rhinanthin.1 

The  Agrostemma,  or  Lychnis  yithago.2 — The  common  corn-cockle  of  our 
fields  is  without  doubt  poisonous,  containing  a  glucoside,  'saponin'  The 
seeds  are  in  shape  not  unlike  a  rolled  up  caterpillar,  and  the  surface  is 
beset  with  regular  rows  of  little  warty  projections.  The  microscopy  of  the 
seed  is  very  characteristic  (see  fig.  27). 

The  surface  of  the  testa  shows  very  large  (*1  to  *6  mm.  diameter) 
thickened  cells,  forming  on  the  surface  branching  tubercles,  beneath  are 

1  Archiv  der  Pharmacie,  217,  p.  280. 

2  The  plant  belongs  to  the  nat,  order  Caryophyllacece,  or  clove-worts ;  the  flower  is 
large  and  purple  ;  the  stem  dichotomous,  from  2  to  3  feet  high  ;  the  calyx  is  coriaceous, 
ribbed,  with  5  linear  lanceolate,  constantly  erect,  patent,  very  long  segments,  styles 
downy,  capsula  5-toothed. 
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two  rows  of  a  regular  parenchyma  resting  on  a  thin  epithelial  membrane 
composed  of  flat  cells,  most  of  which  exhibit  a  peculiar  striation ;  next 
comes  the  endosperm,  composed  of  ordinary  large  celled  parenchyma,  filled 
with  very  minute  starch  granules,  and  lastly,  there  is  the  embryo,  which  is- 

in  no  way  peculiar.  There  are, 
however,  bodies  scattered  among 
the  endosperm  with  which  every 
food-chemist  should  be  practically 
acquainted;  they  consist  of  egg- 
shaped,  or  spindle-shaped,  finely 
granulated  grains,  from  '02  to  '1 
mm.  in  long  diameter,  and  consist 
of  masses  of  saponin,  mucin,  and 
starch.  They  decompose  slowly  in 
cold  water,  but  more  quickly  on 
warming  and  in  diluted  alcohol ; 
the  starch  is  then  set  free,  and 
exhibits  the  usual  molecular  motion. 
These  bodies  are  found  in  other 
seeds  belonging  to  the  Nat.  Order  of 
Clove  worts  but  are  different  in  size. 
F.  Beneke  (Landw.  Versuchsstaty 
1885,  6  Heft)  has  given  the  follow, 
ing  as  the  maximum  sizes  of  those  he  has  observed  : — Spergula  '030  mm., 
beta  057  mm.,  spinacia  '64  mm.,  agrostemma  '122  mm.,  hence  over  -07 
mm.  points  to  corn-cockle. 

Should  the  microscope  indicate  the  seeds  of  agrostemma,  then  an 
attempt  may  be  made  to  separate  saponin.  At  least  200  grms.  of  the 
flour  are  exhausted  with  80  per  cent,  alcohol,  boiled  and  filtered  hot ;  the 
filtrate  is  now  freed  from  alcohol  by  distillation,  and  from  fatty  matters  by 
shaking  up  with  ether ;  after  separation  of  the  ether,  the  liquid  is  concen- 
trated to  a  small  bulk  and  precipitated  with  saturated  baryta  water;  if 
saponin  be  present,  the  precipitate  will  be  composed  of  baryta  saponin. 
This  may  be  collected  on  a  filter,  washed  with  baryta  water,  and  afterwards 
suspended  in  a  little  water,  and  the  baryta  separated  by  passing  carbonic 
anhydride  through  the  liquid. 

It  has  also  been  noted  that  flour  containing  corn-cockle  yields  a  larger 
percentage  of  oil  to  ether,  and  the  ether  extract  has  an  acrid  taste  and  is 
of  a  pronounced  yellow  colour. 

Saponin  (C82H54018t)  is  a  white  amorphous  powder,  with  a  pungent 
disagreeable  taste;  applied  to  the  nostrils  it  excites  sneezing.  It  is  in- 
soluble in  ether,  in  benzine,  and  in  absolute  alcohol;  it  may  to  some 
extent  be  separated  from  its  aqueous  solutions  by  chloroform  ;  it  is  soluble 
in  water,  anil  a  very  characteristic  feature  of  the  solution  is  that  it  froths 
like  a  solution  of  soap;  solutions  as  weak  as  1  per  1000  exhibit  this 
peculiarity*  Saponin  b  precipitated  by  basic  acetate  of  lead  and  in 
concentrated  solution,  an  above  detailed,  by  baryta  water.  Saponin  is 
tavo*  rotatory  [n]D  =  -  7**30,  Concentrated  sulphuric  acid  dissolves  saponin 
with  first  a  red -yellow  colour,  changing  into  violet,  and  later  into  a  more- 
intense  ml  According  to  Sehiaparelli 1  saponin  has  ■  remarkable  power 
i*f  dissolving  salt*  insoluble  in  water,  a  boiling  aqueous  solution  will 
dfceolvc  liarium  carbonate  up  to  10  per  cent.  2  grms,  given  to  an  adult 
1  g,^  Chnfii<t  flbtap*  Mkt  gfeHM 


Fig.  27. — A  section  of  the  seed  of  the 
corn-cockle,  w,  the  warty  projections 
of  the  seed,  consisting  of  an  extra- 
ordinary thickened  and  convoluted 
cuticular  layer  ;  p,  a  loose  parenchyma; 
ef  the  colourless  outer  membrane  en- 
closing the  endosperm  (£)  or  seed 
proper ;  at-,  starch. 


§84.] 


ANALYSIS  OP  FLOUR. 


155 


will  cause  physiological  symptoms,  mainly  consisting  of  nausea,  diaphoresis, 
and  diuresis;  '5  grm.  is  a  fatal  dose  for  a  kitten;  the  fatal  dose  for  a 
human  adult  is  not  known. 

The  Lolium  temtUentvm,  or  Darnel,  has  been  found  as  an  impurity  in 
flour.  Darnel  cannot  be  identified  microscopically  by  the  starch  granules, 
for  they  are  not  sufficiently  characteristic ;  should,  however,  any  of  the  husk 
be  found,  it  may  be  readily  distinguished  from  wheat,  but  possesses  some 
similarity  with  that  of  the  oat.  The  best  distinction  is  that  the  darnel 
bran  has  lancet-shaped  hairs,  while  those  of  the  oat  are  more  in  shape  like 
the  upper  bill  of  the  vulture. 

If  flour  contain  a  considerable  quantity  of  darnel  the  characters  of  the 
alcoholic  extract  assist  the  diagnosis.  The  flour  is  digested  in  alcohol  of 
35% ;  if  it  is  pure,  the  alcohol  remains  perfectly  clear  and  limpid,  or  at  the 
most  takes  a  very  pale-straw  colour,  from  dissolving  a  little  colouring- 
matter  in  the  envelopes  of  the  wheat,  which  may  be  in  the  flour,  nor  is  the 
taste  disagreeable.  If,  on  the  contrary,  it  contains  darnel,  the  alcohol 
takes  a  greenish  hue,  which  darkens  gradually.  The  taste  of  the  alcohol 
is  acrid  and  nauseous,  and  on  evaporation  it  leaves  a  yellowish-green  resin. 

Detection  of  Ergot  in  Hour. — It  is  most  important  to  examine  flour  for 
grain  matters  damaged  by  mould,  and  especially  ergot.  A  good  pre- 
liminary test  is  that  recommended  by  A.  Vogel.1  The  flour  is  stained  with 
auiline  violet,  and  then  examined  microscopically:  the  damaged  starch 
granules  take  up  the  colour  intensely.  This  staining  will  take  place  with 
flour  damaged  by  any  fungus,  and  is  not  a  special  test  for  ergot.  The 
best  chemical  method  is  that  of  Jacopy,  as  modified  by  J.  Petri.2  20  grms. 
of  the  flour  are  placed  in  a  proper  exhausting  apparatus,  such  as  is  described 
at  page  49,  and  exhausted  with  boiling  alcohol  until  the  last  alcohol  is 
colourless.  To  the  alcoholic  solution  20  drops  of  cold  diluted  sulphuric 
acid  are  added,  and  the  liquid  is  filtered  and  examined  by  the  spectroscope 
in  thinner  or  thicker  layers,  according  to  the  depth  of  colour.  If  the  flour 
is  ergotised,  the  alcoholic  solution  will  be  more  or  less  red,  and  show  two 
absorption-bands  in  very  dilute  solution,  one  lying  in  the  green  near  £, 
and  a  broader  and  stronger  band  in  the  blue  between  F  and  G.  On  mixing 
the  original  solution  with  twice  its  volume  of  water,  and  shaking  successive 
portions  of  this  liquid  with  ether,  amyl-alcohol,  benzine,  and  chloroform, 
the  red  colour,  if  derived  from  ergot,  will  impart  its  colour  to  each  and  all 
of  these  solvents.  Other  tests  have  been  proposed  from  time  to  time ;  as, 
for  example,  a  yellow  colour  developed  when  flour  is  treated  with  an  alkaline 
solution,  and  the  development  of  a  smell  of  trimethylamine  when  the  potash 
solution  is  heated.  It  may,  however,  be  remarked  that  the  yellow  colour 
would  not  be  conclusive  as  to  the  presence  of  ergot,  for  otherwise  damaged 
flour  will  show  this  reaction ;  and  as  for  the  smell  of  trimethylamine,  it 
may  be  noticed  when  certain  gummy  matters  are  decomposing,  and  though 
a  flour  producing  such  an  odour  with  potash  cannot  be  considered  healthy, 
the  odour  in  itself  would  not  be  conclusive  in  regard  to  the  presence  of 
ergot.  The  presence  of  ergot,  and  of  the  seeds  mentioned,  must  be  re- 
garded, not  as  adulterations  in  the  sense  of  a  fraudulent  addition,  but  as 
impurities.  Nevertheless,  an  analyst  would  uaturally  certify,  under  the 
'Sale  of  Food  and  Drugs  Act/  if  flour  sold  as  good  flour  should  be  found 
to  contain  any  of  these  substances. 

The  following  substances  have  been  fraudulently  added  to  wheaten 

1  Chem.  Cent.,  [3f.]x.,  559. 

J  Zeitschriflfur  aimi,  Chtm.,  1870,  VV>  211-m 
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flour:— Rye,  rice-meal,  barley  meal,  potato  starch,  the  flour  from  various 
Leguminosse,  linseed-meal,  buckwheat,  and  some  other  starches.1  It  may 
once  again  be  said,  that  in  England  all  these  adulterations  of  flour  are  of 
extreme  rarity  (with,  perhaps,  the  exception  of  potato  flour  and  ground 
rice) ;  but  there  is  good  evidence  that  in  times  of  scarcity,  with  bread  at 
famine  prices,  all  kinds  of  substances  have  been  mixed  with  flour  and  sold. 
What  has  happened  may  occur  again,  and  it  is  therefore  well  to  know  the 
chief  chemical  tests  which  have  been  recommended  to  detect  even  these 
uncommon  admixtures.  The  general  test  recommended  by  A.  E.  Vogel 
may  be  useful :  The  suspected  flour  is  extracted  with  70  per  cent,  alcohol, 
to  which  hydrochloric  acid  has  been  added,  in  the  proportion  of  5  per  cent, 
of  the  alcohol  employed.  If  the  flour  is  made  of  either  pure  wheat  or  rye, 
the  alcohol  remains  colourless ;  it  is  of  a  pale  yellow  if  either  barley  or 
oats  should  be  present ;  orange-yellow  with  pea  flour ;  purple-red  with 
mildewed  wheat;  and  blood-red  with  ergotised  wheat. 

Potato  Starch. — So  long  ago  as  1847,  M.  Donne"  proposed  an  excellent 
test  for  potato  starch  in  wheat  flour.  The  flour  is  examined  in  a  very  thin 
layer  under  the  microscope,  in  the  ordinary  way,  and  then,  while  it  is 
under  observation,  a  weak  solution  of  potash  is  added,  when  potato  starch 
will  begin  to  swell,  and  reach  four  or  five  times  its  volume,  while  wheat 
starch  is  scarcely  affected.  The  test  is  best  applied  by  putting  a  little  of 
the  flour  on  a  stage  micrometer ;  it  is  then  easier  to  appreciate  the  alter- 
ation in  size  of  any  particular  starch.  When  this  method  of  detecting 
potato  starch  is  combined  with  the  subsidence  process,  proposed  by  Lecanu 
in  1849,  so  small  a  quantity  as  one  part  of  potato  starch  in  a  thousand  of 
wheat  flour  may  be  detected.  The  subsidence  process  is  as  follows  :  Any 
convenient  quantity  of  flour,  say  100  grms.,  is  treated  with  40  per  cent, 
of  its  weight  of  water,  and  the  gluten  separated  in  the  usual  way ;  the 
washing  water  is  well  stirred,  and  passed  through  a  sieve  to  retain  the 
larger  suspended  matters,  and  then  allowed  to  rest  in  a  conical  vessel  until 
a  deposit  has  formed.  Without  waiting  for  the  supernatant  water  to 
become  clear,  it  is  decanted,  and  the  deposit  mixed  by  stirring  with  more 
water,  and  allowed  again  to  deposit  for  a  short  time.  The  water  is 
decanted,  and  the  process  again  gone  through.  By  this  means  the  final 
and  lowest  deposit  will  consist  almost  entirely  of  potato  starch,  which, 
being  of  greater  specific  gravity  than  wheat,  always  subsides  first.  M. 
Robine,  curiously  enough,  relies  more  upon  a  chemical  identification  of 
the  apex  of  the  cone  of  deposit  than  upon  a  microscopical,  which  latter  is 
so  much  more  decisive.  The  last  deposit  is  recommended  to  be  received 
on  a  lump  of  dry  plaster,  the  apex  cut  off  and  triturated  in  an  agate 
mortar — glass,  porcelain,  and  Wedgwood  mortars  do  not  answer — and 
tested  with  iodine,  which  gives  a  blue  colour  with  potato  starch ;  but 
under  these  circumstances,  not  with  wheat  starch,  the  friction  of  the 
smooth  agate  not  having  been  sufficient  to  tear  the  envelopes  off  the  latter. 
M.  Chevallier  has  also  recommended  a  method  for  the  detection  of  potato 
starch,  based  on  the  resistance  which  the  wheat  granules  possess  to  the 
destruction  of  the  outer  membrane.    Equal  weights  of  flour  and  sand  are 

1  To  this  list  '  sawdust '  may  be  added,  a  chemical  test  for  which  has  been  suggested 
by  G.  A.  le  Roy  (Ann.  dc  Chim.  anal.,  1899,  iv.,  212-221),  1  grm.  phloro-glucinol  dissolved 
in  15  c.c.  of  90-95  per  cent,  alcohol  and  10  c.c.  of  phosphoric  acid  syrup.  1-2  c.c.  of  the 
above  reagent  is  placed  in  a  porcelain  dish  and  triturated  with  a  little  of  the  sample.  Saw- 
dust assumes  a  rose  tint,  gradually  becoming  carmine.  The  cellulose  of  the  flour  only 
becoming  coloured  subsequently  and  then  only  slightly. 
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to  be  triturated  with  water  until  a  homogeneous  paste  is  formed,  which  is 
then  diluted  and  filtered;  to  the  filtrate  is  added  a  freshly-prepared 
solution  of  iodine,  made  by  digesting  for  about  ten  minutes  3  grins,  of 
iodine  in  60  c.c.  of  water,  and  then  decanting.  If  the  flour  is  pure,  this 
addition  will  give  a  pink  colour,  gradually  disappearing ;  whilst  if  potato 
starch  should  be  present,  the  colour  is  of  a  dark  purple,  only  disappearing 
gradually ;  by  comparing  the  reaction  with  flour  known  to  be  pure,  this 
difference  of  behaviour  is  readily  appreciated. 

Detection  of  Leguminous  Starches,  etc. — As  previously  stated,  the 
leguminous  starches  give  no  play  of  colours  when  examined  by  polarised 
light  and  a  seienite  plate,  and  are  thus  easily  detected  among  the  iridescent 
wheat  starches.  By  treating  the  flour  also  under  the  microscope  with  a 
solution  of  from  10  to  12  per  ceut.  of  potash,1  it  is  possible  to  dissolve  the 
starch  granules  of  the  leguminous  plants,  and  leave  a  characteristic 
reticular  tissue,  made  up,  for  the  most  part,  of  irregular  hexagons.  The 
addition  of  lentils  or  vetches,  on  account  of  the  brown  colour  of  the  seeds, 
can  only  take  place  in  minute  quantity,  and  then  could  only  be  added  to 
dark  flours  of  inferior  quality. 

Bean  flour,  haricot  flour,  or  pea  flour,  may  be  mixed  up  to  5  per  cent, 
without  imparting  any  particular  appearance,  odour,  or  taste.  Beyond 
that,  all  these  characters  are  altered.  Bean  flour  is  said  to  give  to  the 
crust  a  more  golden  brown,  which  is  agreeable  to  the  eye.  There  is  a 
principle  in  beans  and  vetches  which,  treated  with  nitric  acid  and  ammonia, 
gives  a  red  colour.  The  method  to  separate  this  colouring-matter  from 
falsified  flour  is  to  exhaust  any  convenient  quantity  with  boiling  alcohol, 
and  to  evaporate  the  alcohol  to  a  syrup.  This  syrup  is  freed  from  fatty 
matters  by  ether,  and  the  insoluble  residue  exposed  successively  to  the 
vapours  of  nitric  acid  and  ammonia.  An  amaranth  red  colour  denotes  the 
presence  of  these  substances.  M.  Biot  has,  however,  stated  that  wheat 
from  the  Caucasus  responds  to  this  test  although  perfectly  pure,  so  that, 
like  many  other  reactions,  it  must  not  in  itself  be  taken  as  conclusive. 
M.  Marten  proposed  to  separate  legumin,  and  M.  J.  Lemenant  des  Chenais 
has  modified  Marten's  original  process  as  follows : — The  gluten  is  separated 
in  the  usual  manner,  and  to  the  liquid  containing  the  starchy  matters  is 
added  ammonia,  which  is  a  good  solvent  of  legumin.  The  starch  is 
allowed  to  deposit,  the  liquid  is  filtered,  and  to  the  filtrate  a  very  dilute 
mineral  acid  is  added,  which  precipitates  legumin  if  present.  The  legumin 
is  filtered,  collected,  dried,  and  weighed.  According  to  M.  Lemenant  des 
Chenais,  *9  of  legumin  in  100  grms.  of  flour  represents  an  adulteration  of 
5  per  cent. 

The  most  scientific  process,  which  embraces  a  fairly  complete  examina- 
tion of  flour  for  the  leguminous  constituents,  is  that  of  Lecanu  : — The 
gluten  is  first  separated  in  the  usual  way.  The  washing  water,  containing 
starch,  soluble  matters,  and  legumin,  if  present,  is  passed  through  a  sieve 
to  separate  coarse  particles  in  suspension,  and  then  diluted  sufficiently 
and  allowed  to  deposit.  The  liquid  is  divided  into  two  parts,  and  one  part 
is  allowed  to  putrefy  or  ferment  spontaneously.  With  pure  flours  the 
lactic  acid  fermentation  is  most  common ;  with  flours  containing  legumin 
there  is  a  putrid  fermentation.    The  other  portion  is,  after  decantation 

1  A  1  '8  per  cent  solution  of  potash  may  be  used  for  the  detection  of  maize  starch  in  flour. 
100  mgrms.  of  flour  are  treated  with  10  c.c.  of  such  a  solution  for  2  minutes  in  a  test  tube 
and  then  nearly  neutralised  with  dilute  HC1 ;  wheat  starch  is  gelatinised,  maize  remains 
intact. 
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is  soaked  in  the  cold  extraot  of  the  suspected  flour  for  twelve  hours,  it  is 
then  taken  out  and  steeped  in  the  animoniacal  logwood ;  if  alum  is  present 
<  lie  .irehttiu  btromes  of  u  1  >eait t il'nl  blue  colour ;  and  the  spectrum  shows 
the  shifting  of  the  band  as  described  on  p.  73.  The  same  blue  colour  is 
produced  by  the  presence  of  magnesia,  and  clayey  matters  may  also  cause 
a  bluish  tint*  Nevertheless,  if  a  flour  or  bread  does  not  respond  to  this 
test,  it  is  certain  that  alum  in  any  quantity  is  not  present ;  on  the  other 
hand,  if  a  blue  colour  is  produced,  there  is  likely  to  be  either  an  adultera- 
tion with  alum  or  some  other  admixture,  and  the  sample  should  be  more 
thoroughly  examined. 

Hermann  W.  Vogel 1  has  shown  that  salts  of  alumina  and  magnesia  can 
be  recognised  by  their  influence  on  the  spectrum  of  purpuriue.  It  is  evident 
that  here  is  a  process  by  which  the  analyst  may  be  assisted  in  his  diagnosis 
of  the  cause  of  any  blue  colour  imparted  to  flour.  Pure  purpurine  gives, 
in  saturated  solutions,  a  spectrum  extinguishing  wholly  the  blue  part. 
An  alcoholic  solution  diluted  until  it  is  of  a  straw-yellow  colour  extinguishes 
the  blue  only  partially,  and  shows  two  marked  absorption-bauds  at  W  and 
b  E  (see  fig.  16,  p.  70).  A  diluted  watery  solution  does  not  show  these 
absorption-bands,  but  instead  there  appears  a  stronger  absorption  in  the 
green  between  F  and  ft,  a  weaker  in  the  yellow  from  E.  This  reaction  is 
dependent  on  a  trace  of  alkali,  for  it  is  intensified  by  ammonia,  whilst  a 
slight  excess  of  acetic  acid  colours  the  fluid  yellow,  and  then  there  is  only 
a  weak  absorption.  The  solution  of  purpurine  should  be  prepared  from 
purpurine  which  has  been  purified  by  sublimation,  and  it  should  be  made 
very  feebly  alkaline.  To  test  for  alum,  it  is  best  to  take  the  deposit  from 
the  chloroform  process  already  described,  and  dissolve  it  in  not  more  than 
1  c.c,  of  water.  2  c.o.  of  water  are  now  placed  either  in  a  test-tube  or  a 
little  glass  cell,  and  three  drops  of  a  saturated  alcoholic  solution  of 
purpurine  added,  and  then  alkalised  by  a  drop  of  fourfold  diluted  ammonia 
water.  On  observing  this  solution  by  the  spectroscope,  it  appears  as  curve 
No.  12,  tig.  16,  p.  70.  A  drop  of  the  alum  solution  is  next  added:  in 
dilute  solutions  two  bands  gradually  appear;  in  the  presence  of  half  a 
milligramme  of  alum,  the  bands  appear  after  the  lapse  of  several  minutes. 
Magnesia  presents  similar  appearances,  but  is  at  once  distinguished  from 
alum  by  the  fact  that  the  bauds  are  destroyed  by  the  addition  of  acetic 
acid. 

Proximate  Analj/#i$  of  Flour, 

§  86.  The  constituents  of  flour  to  be  determined  are— 

(1)  Water. 

(2)  Fat, 

( Sugar,  gum,  dextrin,  aud  3  mnyUii. 

(3)  Cold  water  extract.       -j  Vegetable  album  en. 

I  Phosphate  of  potash. 

U)  Starch. 
(6)  Gluteu. 
(ft)  Ash. 

(L)  The  rcattr  is  taken  in  the  ordinary  way ;  that  is,  by  weighing  care- 
fully about  1  to  3  grins,  in  a  tared  dish,  and  exposing  it  to  the  heat  of  the 
water-bath  until  it  ceases  to  lose  weight. 

(2.)  The  fat,  according  to  the  researches  of  Peligot,  must  be  determined 
jit  the  /"  r/ertly  dry  flour,  error  resulting  in  any  other  case. 

|Jl)  The  cold  txlratl  is  obtained  by  digesting  10  grins,  of  flour  in  500 
f^'  tint  nfipjin\ilkh4  sfxdral  anaiyfaeh*  Reaction  auf  Thonerde  tind  Magnesia* 
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c.c.  of  water,  and  filtering  and  evaporating  down  250  c.c.  in  a  platinum 
dish.    According  to  Wanklyn,  100  grms.  of  flour  yield  to  water — 


On  igniting  the  extract,  the  ash  should  consist  entirely  of  phosphate 
of  potash.  When  the  weight  of  the  ash  is  known,  it  may  be  dissolved  in 
water,  and  the  quantity  of  phosphoric  acid  estimated  by  titration  with 
uranium  solution ;  and  if  from  this  there  is  any  discrepancy  between  the 
calculated  phosphate  of  potash  and  that  found,  the  ash  should  be  carefully 
examined. 

The  determination  of  the  sugar  dextrin  and  /?  amylan  may  be  made  by 
the  processes  previously  described ;  but  it  is  usually  sufficient  to  obtain 
merely  the  weight  of  the  cold  extract  and  the  weight  of  its  ash. 

A  method  of  estimating  the  value  of  flour  by  the  amount  of  solid 
matter  dissolved  by  acetic  acid  has  been  proposed  by  M.  Robine,  who  has 
taken  advantage  of  the  property  which  acetic  acid,  when  properly  diluted, 
has  of  dissolving  the  gluten  and  albumen,  and  leaving  intact  the  starchy 
matters.  The  acetic  acid  solution  increases  in  density  according  to  the 
amount  of  solid  substances  it  dissolves,  and  he  has  constructed  an  areometer, 
graduated  in  such  a  manner  that  each  degree  represents  the  value  of  the 
flour  expressed  in  a  loaf  of  2  kilometres  weight.  A  table  is  sold  with  the 
instrument,  and  without  doubt,  although  not  exact  enough  for  the  food- 
analyst,  the  process  is  of  some  value  to  the  buyer  of  flour.  The  areometer 
is  called  '  ApprSciateur  des  Farines.'  The  acetic  acid  is  diluted  until  the 
'  apprfoiateur'  sinks  to  93°  on  the  scale.  24  grms.  of  flour  of  the  first 
quality  are  taken  for  the  assay,  but  if  the  flour  is  of  the  second  quality, 
then  32  are  taken.  This  quantity  of  flour  is  washed  successively  with  six 
quantities  of  the  acid,  each  time  using  31*25  c.c,  and  all  the  time 
triturating  in  a  mortar.  After  ten  minutes  the  whole  is  poured  into  a 
vessel,  plunged  in  cold  water  of  exactly  15°  C,  and  allowed  to  remain  at  rest 
for  an  hour;  the  liquid  is  then  decanted,  and  the  * appreciateui'1  floated 
in  it.  By  the  number  indicated,  the  number  of  loaves  of  bread  2  kilo- 
grammes in  weight  which  150  kilogrammes  of  the  flour  will  give  is  at 
once  seen. 

(4.)  Determination  of  the  starch  may  be  made  by  O'Sullivan's  method 
(ante,  p.  136). 

(5.)  The  gluten  or  aVmminoids  can  only  be  approximately  determined 
by  the  washing  process  described  at  p.  151 ;  the  usual  method  is  to  make 
a  careful  combustion  of  a  small  weighed  portion  of  the  flour  with  cupric 
oxide,  and  to  measure  the  nitrogen  obtained,  and  then  to  multiply  the 
percentage  of  nitrogen  found  by  the  factor,  G'25.1 

(6.)  TJie  ash  is  best  burned  in  a  muffle,  otherwise  it  is  difficult  to  obtain 
a  perfect  ash.  It  has  been  proposed  to  mix  the  flour  with  nitrate  of 
ammonia,  then  to  heat  carefully,  and  directly  fusion  commences,  to  with- 
draw the  flame.  Flour  can  certainly  be  burnt  up  very  quickly  in  this 
way.  If  this  method  should  be  adopted,  it  will  be  necessary  for  the 
analyst  to  ignite  a  corresponding  quantity  of  nitrate  of  ammonia  in  a 
platinum  dish,  and  see  whether  any  residue  is  left.    Occasionally,  nitrate 


Sugar, 


and  dextrin, 


Gnus. 
3  33 
0'92 
0  44 


4*69 


1  But  probably  the  factor  5  "7  gives  more  exact  results. 


l62      POODS  :  THEIR  COMPOSITION  AND  ANALYSIS.    [§§  87,  88. 


of  ammonia  may  be  met  with  which  is  sufficiently  impure  to  cause  an  error 
in  analysis.  Flour  may  also  be  burnt  up  in  a  platinum  trough  in  a  com- 
bustion tube.  In  this  case  it  is  most  convenient  to  begin  the  combustion 
in  ordinary  air,  and  then  to  finish  in  oxygen.  A  properly  burnt  flour  ash 
should  be  below  1  per  cent ;  if  it  attains  1  per  cent.,  mineral  adulteration 
is  probably  present.  (The  method  of  estimating  alumina  and  silica  in  the 
ash  of  flour  is  fully  detailed  at  pages  167-169,  and  also  the  relationship 
between  the  silica  and  the  alumina.) 

Legal  Case  Relative  to  Flour. 

§  87.  The  following  brief  abstract  will  show  the  lines  of  defence  likely 
to  be  adopted : — 

In  the  month  of  February,  1880,  the  case  of  a  miller  summoned  for  selling  adulterated 
flour  was  heard  at  the  Eckington  sessions.  The  analyst  deposed  to  having  found  alum 
in  the  proportion  of  24  grains  to  4  pounds  of  flour.  He  obtained  the  alum  as  alum  by 
the  chloroform  process.  He  shook  the  flour  with  chloroform,  which  was  a  heavy  liquid, 
the  flour  floated,  and  the  alum  sank  to  the  bottom ;  it  was  from  what  sank  that  he 
obtained  crystals  in  the  characteristic  form  of  alum ;  he  tasted  it,  and  it  had  the 
astringent  taste  of  alum.  It  pave  the  logwood  reaction  such  as  alum  gives.  He  placed 
about  30  grains  of  the  flour  in  the  chloroform,  and  the  precipitate  was  probably  one- 
eighth  of  a  grain.  He  let  the  chloroform  evaporate,  and  so  obtained  the  crystals  ;  alum 
crystallises  in  octohedra  of  the  cubical  system ;  the  alum  was  in  the  fragmentary  form 
until  water  was  added  to  the  deposit  from  the  chloroform,  and  the  liquid  filtered  and 
evaporated.  Silica  crystallised  in  hexagonal  prisms,  and  could  not  be  mistaken  for  alum, 
besides,  it  was  insoluble  in  water.  He  had  made  an  analysis  for  the  purpose  of  esti- 
mating the  quantity  of  alumina  present,  and  found  it  was  in  the  proportion  corresponding 
to  30  grains  of  alum  to  4  pounds  of  flour.  On  being  asked  whether  clay  and  dirt  might 
not  account  for  the  alumina,  the  answer  was  that  clay  and  dirt  might  be  present  as  a 
silicate  of  alumina,  but  it  would  be  insoluble  in  water,  and  would  not  give  the  reaction 
with  logwood.    The  defence  was — 

1.  That  the  analyst  was  mistaken. 

2.  That  alum  was  occasionally  used  in  the  mill  for  filling  up  the  cracks  in  the  stones. 

3.  That  the  defendant  had  made  his  flour  lately  from  foreign  grain  on  account  of  the 
bad  quality  of  English  wheat  at  the  time,  and  there  was  nothing  astonishing  in  finding 
24  grains  of  alum  m  such  wheat,  although  perfectly  pure  and  unadulterated. 

An  analyst  was  called  for  the  defence,  who  did  not  seem  to  be  acquainted  with  the 
chloroform  test,  but  had  estimated  the  total  alumina.  The  gist  of  his  evidence  was  that 
he  could  not  say  positively  whether  there  was  alum  or  not  in  the  flour,  and  that  he 
thought  that  so  small  a  quantity  of  alum  as  could  be  separated  from  30  grains  of  flour 
could  not  be  identified.  The  matter  was  then  referred  to  Somerset  House,  and  the 
Government  chemists  fully  confirmed  the  presence  of  alum  in  the  flour.1 

Bread. 

§  88.  The  term  Bread  has  been  applied  to  any  form  of  flour  made  into 
bread,  but  that  made  from  wheaten  flour  can  alone  be  treated  of  here. 
Wheaten  bread  is  the  flour  of  wheat  made  into  a  paste  with  water,  and 
the  paste  is  permeated  by  carbon  dioxide,  either  by  adding  yeast,  which 
causes  a  true  fermentation  with  the  production  of  alcohol  and  carbon 
dioxide,  or  the  carbon  dioxide  is  added  in  solution  in  water  to  the  paste, 
as  in  Dauglish's  system.  The  explanation  of  the  bread-making  process  is 
not  thoroughly  worked  out  in  all  its  details,  but'  the  following  theory 
Agrees  fairly  well  with  what  is  witnessed.  On  adding  yeaat  to  the  dough, 
it  is  placed  on  one  side,  at  a  suitable  temperature,  and  allowed  to  rise, 
that  is,  fermentation  proceeds,  and  there  is  a  continual  evolution  of  gas ; 
©  starch  in  some  degree  becomes  changed  into  sugar,  which  sugar  is 
1  Awhjttt  1880,  pp.  72-6* 
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decomposed  into  carbon  dioxide  and  alcohol.  The  gluten  prevents,  or 
rather  retards,  the  escape  of  the  carbon  dioxide,  and  the  tension  of  the 
warm  gas  expands  little  cells,  and  gives  to  the  bread  its  familiar  light 
spongy  appearance.  The  alcohol  mostly  escapes,  and  although  in  large 
bread-making  establishments  it  would  seem  to  be  feasible  and  economical 
to  recover  the  alcohol,  hitherto  no  really  good  appliance  has  been  invented 
for  this  purpose,  the  apparatuses  which  have  been  tried  interfering  with 
the  baking  of  good  bread.  The  outside  of  the  loaf,  when  placed  in  the 
oven,  is  raised  to  a  temperature  of  from  210°  to  212°,  but  the  crumb  is 
seldom  much  above  100°.  The  crust  is  to  some  extent  caramelised,  and, 
on  analysis,  shows,  as  might  be  expected,  very  much  less  water  than  the 
crumb.  Thus,  Rivot  found  in  twenty-one  samples  of  bread  from  20*45  to 
47*11  percent,  hygroscopic  water  in  the  crumb,  and  16*40  to  27*44  per 
cent,  in  the  crust.  Tracing  one  by  one  the  chief  chemical  changes  which 
the  flour  undergoes  under  the  influence  of  the  yeast-fermentation  and 
subsequent  baking,  we  consider, 

1.  Nitrogenous  Matter*. — The  soluble  albumen  and  globulin  become  in- 
soluble, and  can  no  longer  be  separated  from  the  starch.  There  is  a 
partial  union  between  the  acid  and  the  proteid  bodies.  There  is  a  decrease 
of  alcohol  soluble  nitrogen,  an  increase  of  water  soluble  nitrogen,  hence 
probably  some  of  the  gliadin  is  rendered  soluble.1  In  the  crust  there  is  a 
partial  destruction  of  the  nitrogenous  substance.    Thus,  V.  Bibra  found — 


2.  The  Starch,  as  already  explained,  is  in  part  changed  into  soluble 
carbo-hydrates,  a  portion  of  which  is  converted  by  the  yeast  into  carbon 
dioxide  and  alcohol,  but,  allowing  for  loss  by  fermentation,  from  6  to  8  per 
cent,  of  the  total  insoluble  starch  is  changed  to  soluble  forms.  The 
amount  of  carbon  dioxide  which  is  evolved  during  fermentation  and  baking 
averages  1  per  cent.  The  average  amount  of  alcohol  which  can  be 
recovered  is  also  1  per  cent.,  which  is  less  than  the  theoretical  amount 
(Snyder).  There  are  also  volatile  acids,  sucli  as  acetic  and  lactic,  produced, 
and  other  organic  volatile  constituents,  the  nature  of  which  has  not  been 
determined. 

3.  Hie  Fatty  Matters  are  in  part  volatilised.2 

4.  Hie  Ask  is  not  changed,  save  by  the  minute  proportion  of  yeast  ash 
which  is  added  to  it,  an  addition  quite  inappreciable.  Further,  any  salt 
added  by  the  baker  increases  a  little  its  weight ;  but  the  ordinary  method 
of  burning  bread  volatilises  very  effectually  chlorides  of  the  alkalies,  so 
that  the  ash  of  bread  is  still  very  small.  It  has  been  said  that  the  alcohol 
escapes,  which  is  true  with  regard  to  the  bulk  of  the  alcohol.  Alcohol, 
however,  has  a  wonderful  property  of  adhering  to  organic  substances,  and 
Th.  Bolas  has  shown  that  it  can  be  detected  in  fresh  bread  in  greater 
quantities  than  would  a  priori  have  been  suspected.  Thus,  he  found  in 
six  fresh  samples  of  bread  the  following  percentages  of  alcohol : — 


1  Studies  in  Bread  and  Bread-Making,  by  H.  Snyder,  U.S.  DepU  of  Agriculture, 
Washington,  1899. 

2  Losses  in  the  Process  of  Making  Bread,  by  L.  A.  Voorhees,  M.A.,  U.S.  Dept.  of 
Agriculture,  Washington,  1899. 


Crumb, 
Crust, 


Wheaten  Bread. 
Nitrogen  per  cent 
.  1-498 
.  T363 


Rye  Bread. 
Nitrogen  per  cent. 
1M76 
1293 


Minimum, 
Maximum, 
Mean,  . 


•221 
•399 
•313 
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In  two  of  the  sample*  a  week  old,  he  was  able  to  detect  132  to  "120 
per  cent,  respectively.  On  keeping  bread,  there  is  a  continual  loss  of 
water,  and  it  becomes  •  stale '  from  some  peculiar  molecular  change.  That 
this  staleness  is  not  due  to  the  loss  of  water  is  proved  by  the  simple 
experiment  of  re-baking  a  loaf,  when  it  becomes  for  the  time  fresh  again, 
but  more  rapidly  after  this  process  becomes  stale  and  is  notably  drier. 
V.  Bibra  found  that  a  bread  cannot  be  made  fresh  again  if  it  has  lost  30 
per  cent,  of  water,  but  if  the  loss  of  water  is  below  that,  it  then  may  be 
freshened  by  re-baking.  V.  Bibra  found  that  wheaten  bread  lost  the 
following  percentages  of  water : — 


After  1  day. 
771 


3  days. 
8*86 


7  days. 

14'05 


15  days. 

17*84 


80  days. 
18-48 


Minimum.  Maximum. 

Mean  for      Mean  for 
Fine  Bread.  Coarse  Bread. 

26-39 

47*90 

38-51 

41-02 

4-81 

8*69 

6*82 

6-23 

•10 

100 

•77 

•22 

•82 

4-47 

2  37 

2-13 

38-98 

62*98 

49-97 

48-69 

•33 

•90 

•38 

•62 

•84 

1-40 

1-18 

1-09 

The  mean  composition  of  wheaten  bread,  from  a  large  number  of 
analyses  collected  by  Konig,  is  as  follows: — 

Water,  . 

Nitrogenous  xubHtances, 
Fat, 

Sugar,  . 
Carbo-hydrates, 
Woody  fibre,  . 
Ash, 

The  ash  of  a  properly  burnt  wheaten-flour  loaf  seldom  exceeds  1*5  per 
cent.,  unless  adulterated ;  anything  beyond  2  per  cent,  would  be  certainly 
suspicious  of  a  mineral  addition.  There  has  recently  been  an  agitation  on 
behalf  of  '  whole  meal  bread/  and  analyses  of  the  greater  richness  of  such 
bread  in  azotised  constituents  are  frequently  quoted ;  but  such  a  question 
cannot  be  decided  by  chemical  analysis,  or,  at  all  events,  by  ordinary 
analysis,  in  which  a  few  constituents  are  alone  estimated.  The  question 
is  rather  a  physiologico-chemical  inquiry,  and  the  proper  way  to  solve  the 
problem  is  to  go  on  the  lines  of  the  well-known  experiments  of  G.  Meyer. 
A  healthy  individual  is  taken  and  fed  on  known  weights  of  the  substance 
experimented  upon,  and  the  amount  of  undigested  substance  recovered 
from  the  faeces  is  weighed.    Meyer  thus  experimented  on — 

(1.)  Horsford-Liebig  bread,  which  is  made  without  the  addition  of  yeast 
or  leaven,  the  carbon  dioxide  being  developed  by  the  action  of  bicarbonate 
of  soda  on  phosphate  of  potash. 

(2.)  Munich  rye  bread,  prepared  from  rye  bread  and  coarse  wheat  meal 
and  leaven. 

White  wheaten  bread. 

North  German  black  bread  (Pumpernickel)  prepared  out  of  whole 
rye  meal,  and  with  the  use  of  leaven. 

The  amount  of  dry  substance,  etc.,  absorbed,  in  percentages  of  these 
different  breads  was  found  to  be  as  follows : — 


(3.) 
(*•) 


1.  The  black  bread, 

2.  Horaford-Liebig  bread, 

3.  Rye  bread,  . 

4.  White  bread, 


Dry  Substance. 
.  80-7 
.  88*5 
.  89-9 
.  94-4 


Nitrogen. 
577 
67-6 
77-8 
80-1 


Ash. 
3-4 
61*9 
69*5 
69*8 


It  is  thus  shown  that  of  the  black  bread  a  person  would  have  to  eat 
very  much  more  than  of  white  bread,  The  white  wheaten  bread  was 
nwly  all  absorbed.    That  this  experiment  was  not  made  with  whole 
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wheaten  meal  is  true,  but  it  still  unmistakably  casts  some  doubt  on  the 
question  as  to  whether  whole  meal  would  be  more  nourishing  than  pure 
white  flour. 

Alterations  of  Bread  by  Moulds,  etc. — Red,  green,  orange,  and  black  spots 
occasionally  appear  on  bread,  and  there  are  several  instances  on  record  of 
great  damage  and  loss  from  such  parasitic  diseases. 

In  1856,  in  France,  M.  Poggiale  was  commissioned  to  examine  22,000 
rations  served  out  to  the  French  troops,  the  bread  of  which  had  turned 
a  bluish-black.  The  bread  had  been  made  of  inferior  grain,  but  it  also 
contained  an  enormous  number  of  bacteria.  Rather  frequently,  also,  bread 
aud  other  foods  have  been  attacked  by  an  orange-red  growth,  which  has 
been  attributed  to  a  fungus,  to  which  has  been  given  the  popular  name 
of  the  red  bread  fungus,  its  scientific  appellation  being  Oidinm  aurantiacum. 
The  blood-red  Bacillus  prodigiosus  has  also  occasionally  caused  trouble  in 
bakeries. 

The  more  common  moulds  of  bread  are  the  whitish  Mucor  mucedo,  the 
green  Aspergillus  glaucus,  and  the  black  Bhizopus  nigricans.  It  has  not 
yet  been  established  that  any  of  the  moulds  or  growths  enumerated  are  in 
themselves  injurious  to  health ;  but,  as  may  be  expected,  they  damage  the 
bread,  making  it  deficient  in  nourishment,  and  unpalatable. 

§  89.  Adulterations  of  Bread. — The  adulterations  of  bread  enumerated 
by  writers  are  sufficiently  numerous,  but  those  actually  proved  to  exist  are 
but  few.  Among  organic  additions, — rice  flour,  potatoes,  bean  flour,  and 
pea  flour  are  usually  given ;  among  mineral, — alum,  borax,  sulphate  of 
copper,  sulphate  of  zinc,  chalk,  and  carbonate  of  magnesia. 

In  1843  and  1847,  some  bakers  in  Belgium  were  convicted  of  adding 
sulphate  of  copper  to  their  bread,  and  this  fraud  was  repeated  some  years 
ago  by  a  baker  of  Calais.  There  is,  however,  no  reason  to  believe  that 
English  bakers  arc  addicted  to  these  practices,  and,  as  a  fact,  no  con- 
viction has  been  obtained  save  for  the  use  of  alum.  The  detection  of  rice 
flour,  bean  flour,  foreign  seeds  is  to  be  undertaken  in  the  same  way  as 
described  in  the  sections  on  flour,  save  that  here  the  chemical  tests  are 
more  useful  than  the  microscopical.  It  is  an  extremely  difficult  thing  to 
detect  and  identify  most  starches  when  thoy  have  been  swollen  by  heat 
and  altered  by  fermentation.  The  only  feasible  course  appears  to  be  to 
make  bread  of  flour  adulterated  with  the  substance  suspected  to  be  present, 
and  examine  sections  and  washings  of  such  bread  side  by  side  with  similar 
sections  and  washings  of  the  suspected  bread.1 

§  90.  Alum  in  Bread* — Alum  is  added  to  bad  or  slightly  damaged 
flour  by  both  the  miller  and  the  baker.  Its  action,  according  to  Liebig,  is 
to  render  insoluble  gluten  which  has  been  made  soluble  by  acetic  or  lactic 
acids  developed  in  damp  flour,  and  it  hence  stops  the  undue  conversion  of 
starch  into  dextrin  or  sugar. 

It  will  be  found  that  generally  the  medical  profession  believes  that 
alum  even  in  small  doses  acts  injuriously  on  the  human  animal  organism. 
It  is  certainly  true  that  a  person  may  be  poisoned  by  taking  a  sufficiently 
large  dose  of  burnt  alum  or  of  the  crystallised  solid  alum,  or  even  a  large 
dose  in  concentrated  solution.  It  has  also  been  satisfactorily  established 
by  Siem 8  that  if  animals  are  treated  by  subcutaneous  doses  of  alumina 

1  An  exception  may,  perha]>s,  be  made  to  this  statement  in  the  case  of  potato  starch, 
which  may  be  recognised  tolerably  easily  even  in  bread. 

2  The  use  of  alum  is  prohibited  by  the  Bread  Act,  6  &  7  Will.  IV.,  c.  37. 

3  Paul  Siem,  Ucbcr  die  WirJcumt  dss  Aluminiums  und  des  Berylliums.  Dorpat, 
1806. 
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salts  a  peculiar  nervous  condition  may  be  produced,  similar  to  the  disease 
known  as  bulbar  paralysis.  On  the  other  hand,  it  is  a  question  whether 
in  the  moderate  doses  in  which  alum  is  taken  in  pastry  or  bread,  or  cakes, 
the  flour  of  which  has  been  mixed  with  alum  or  an  alum  baking  powder, 
it  has  the  slightest  appreciable  influence  on  health.  Christ oph  Schmitz 1 
gave  a  dog  for  three  weeks  aluminium  acetate  mixed  with  sausage;  the 
dog  took  in  the  21  days  99  grms.  of  alum  acetate,  and  gained  iu  weight 
half  a  kilogrm.  To  the  same  dog  was  given  for  1 20  days,  each  day  some 
35  c.c.  of  a  solution  of  aluminium  acetate,  the  total  amount  taken  being 
equal  to  260  grms.  of  aluminium  acetate,  and  the  dog  increased  in  weight 
2  kilos.  Schmitz  himself  took,  for  31  days,  15  drops  of  the  same  solution, 
the  total  amount  equalling  2  4  grms.  of  the  solid  acetate,  and  failed  to  find 
his  health  in  any  way  affected. 

Two  young  doctors  took,  for  33  days,  1  grm.  of  the  tartrate  of  aluminium 
also  without  effect.  Schmitz  carefully  examined  the  urine  of  his  experi- 
mental dog,  but  could  not  obtain  more  than  feeble  and  doubtful  evidences 
of  a  trace  of  aluminium  hydrate,  and  he  comes  to  the  conclusion  that 
aluminium  compounds  in  moderate  doses  arc  not  absorbed  by  the  human 
intestine. 

We  are,  therefore,  decidedly  of  opinion  that  alum  in  food  in  reasonable 
quantities  is  not  injurious  to  health. 

On  the  other  hand,  the  addition  of  alum  to  bread  is  interdicted  by  law, 
and  whether  alum  is  injurious  or  not,  does  not  touch  the  question  of 
adulteration.  Probably,  in  most  cases,  unless  the  purchaser  is  expressly 
informed  that  alum  is  in  such  and  such  a  cake  or  such  and  such  a  loaf,  its 
presence  should  be  considered  an  adulteration ;  for  no  one  should  be  un- 
willingly compelled  to  take  anything  concerning  which  he  has  a  prejudice 
against,  whether  that  prejudice  be  founded  on  just  grounds  or  otherwise. 
In  other  words,  an  alumed  article  of  food  will  generally  fall  under  section 
6,  and  not  be  of  the  nature  and  quality  demanded. 

In  searching  for  alum,  the  crust  and  the  crumb  should  be  analysed 
separately ;  for  many  bakers  use  for  the  latter  a  flour  technically  called 
'cones,'  which  is  strongly  alumed,  and  prepared  from  a  fine  species  of  wheat 
grown  in  the  south  of  Europe,  mixed  with  rice.  This  mixture  is  used  for 
dusting  the  kneading  trough  and  kneading  boards;  in  point  of  fact,  for 
1 facing*  the  sponge  previous  to  baking  it.  To  search  for  alum  in  the 
crust,  there  is  no  other  method  save  burning  to  an  ash,  as  shortly  to  be 
described ;  but  with  regard  to  the  crumb  of  bread,  the  qualitative  test  is 
the  same  as  for  flour — viz.,  an  ammoniacai  tincture  of  logwood.  From 
300  to  400  grains  of  bread  are  crumbled  in  distilled  water,  and  a  slip  of 
gelatin  added,  and  the  whole  allowed  to  soak  for  twelve  hours.  On 
lving  the  gelatin  in  a  little  logwood,  to  which  its  own  volume  of  a  ten 
per  cent,  solution  of  ammonium  carbonate  has  been  added,  if  the  bread  is 
pure  the  solution  will  be  reddish-pink ;  if  the  bread  is  alumed,  the  solution 
will  be  blue,  and  exhibit  the  spectroscopic  appearances  described  at  p.  73. 
This  blue  colour  is  not  absolutely  decisive  of  alum,  for  bread  adulterated 
with  magnesia  carbonate  exhibits  the  same  reaction  ;  but  if  such  a  colour 
is  produced,  the  bread  requires  further  examination. 

The  authors,  in  some  special  researches,  have  discovered  that  a  certain 
portion  of  alum  may  always  be  washed  out  of  bread  as  alum.  The  follow- 
ing process  was  employed  :  the  bread  is  soaked  in  water  for  at  least 

1  Clmstoph  Sdimitx,  {Tntcmtchtnfjen  ttbtr  dk  etwaigc  Oifliqkcit  d&  Aluminium*. 
60011,18*3. 
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twenty-four  hours  (about  2  litres  of  water  are  used  to  100  grms.  of  bread). 
The  bread  is  separated  by  means  of  a  sieve,  and  the  mass  afterwards 
pressed  in  a  cloth,  ultimate  clear  nitration  being  obtained  when  necessary 
by  aid  of  the  mercury  pump.  This  extract  may  be  concentrated  in  a 
platinum  dish,  and  when  cooled  a  slip  of  gelatin  allowed  to  steep  in  a 
portion  over  night.  The  gelatin  on  being  stained  with  logwood  will 
exhibit  a  blue  colour,  if  magnesia  or  alum  is  present  Another  portion  of 
the  extract  is  dried  and  burnt  up  in  the  usual  way,  as  in  the  process  to 
be  described,  and  the  phosphate  of  alumina  separated.  The  phosphate  of 
alumina  is  now  fused  with  sodic  sulphate,  the  result  of  the  fusion  being 
sodic  phosphate  and  alumina.  The  sodic  phosphate  is  washed  out  with 
water ;  the  alumina  boiled  with  a  drop  or  so  of  dilute  sulphuric  acid ;  to 
the  sulphate  of  alumina  thus  obtained,  a  little  solution  of  ammonia1  is 
added,  and  the  whole  put  in  a  watchglass  to  crystallise  over  sulphuric 
acid.  To  obtain  crystals  in  this  way  is  often  very  difficult,  but  that  alum 
is  really  present  can  be  readily  proved  by  the  reactions  of  the  solution 
with  reagents.  By  strictly  following  these  directions,  a  very  small  quan- 
tity of  alum  can  be  detected.  In  a  test  experiment  in  a  sample  of  bread 
in  which  5  grains  of  alum  had  been  added,  it  was  found  possible  to  obtain 
1*5  in  aqueous  solution. 

The  quantitative  method  for  estimation  of  the  total  alumina  in  bread, 
as  originally  proposed  by  Dupre',  and  slightly  modified  by  Wanklyn,  is  as 
follows : — 100  grms.  of  bread  are  incinerated  in  a  platinum  dish,  until  the 
ash  does  not  exceed  2  grms.  in  weight.  The  ash  is  then  moistened  with 
3  c.c.  of  pure  strong  hydrochloric  acid,  and  20  to  30  c.c.  of  distilled  water 
added ;  the  whole  is  boiled,  filtered,  and  the  precipitate  (consisting  of 
unburnt  carbon  and  silica)  well  washed,  dried,  burnt,  and  weighed.  To 
the  filtrate  containing  the  phosphates,  5  c.c.  of  strong  solution  of  ammonia 
are  added.  If  the  bread  has  been  alumed,  the  phosphates  now  precipitated 
are  those  of  lime,  magnesia,  iron,  and  alumina,  of  which  the  latter  (viz., 
phosphate  of  iron  and  alumina)  are  insoluble  in  acetic  acid,  so  that  their 
separation  is  easy.  The  liquid  is  strongly  acidified  with  acetic  acid,  boiled 
and  filtered,  and  the  phosphates  of  alumina  and  iron  washed  and  weighed. 
Unless  the  liquid  has  been  acidified  sufficiently,  phosphate  of  lime  con- 
taminates the  precipitate  and  vitiates  the  results,  so  that  this  is  an  essential 
point.  The  last  step  is  re-solution  of  the  precipitate  in  acid,  and  the  esti- 
mation of  the  iron ;  this  is  usually  best  effected  by  a  colorimetric  process. 
A  standard  solution  of  metallic  iron  is  made  by  dissolving  a  gramme  of 
fine  iron  wire  in  nitro-hydrochloric  acid,  precipitating  with  ammonia, 
washing  the  peroxide  of  iron,  and  dissolving  it  in  a  little  hydrochloric  acid, 
and  diluting  accurately  to  1  litre  [1  c.c.  =  1  mgrm.  of  metallic  iron].  On 
now  adding  to  an  unknown  very  dilute  solution  of  iron  a  known  quantity 
of  strong  ammon.  sulphide,  a  certain  colour  is  produced,  and  this  colour  is 
exactly  imitated  in  the  usual  way  by  a  similar  quantity  of  ammon.  sulphide 
and  the  standard  solution,  the  whole  operation  being  conducted  on  the 
well-known  principles  of  colorimetric  estimation.  The  amount  of  iron  in 
the  precipitate  being  known,  it  is  calculated  into  phosphate,  and  the 
phosphate  of  iron  subtracted  from  the  total  weight  of  the  precipitate  gives 
the  weight  of  the  phosphate  of  alumina.  From  Mr.  Wanklyn's  experiments 
it  would  seem  that  in  the  case  of  bread  ash,  it  is  unnecessary  to  evaporate 

1  It  is  very  easy  to  form  a  caesium  alum,  so  that  if,  instead  of  ammonia,  a  solution 
of  caesium  chloride  be  added,  the  result  is  the  formation  of  beautiful,  well-marked 
crystals. 
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the  hydrochloric  solution  to  dryness,  as  is  usually  done,  and  that  the 
separation  of  silica  is  complete  by  the  method  just  detailed. 

Another  perfectly  valid  way  of  estimating  alumina  in  bread  or  flour 
consists  in  a  modification  of  the  old  Normandy  process.  The  bread  is 
burnt  up  as  before,  the  ash  powdered  and  treated  with  hydric  chloride, 
diluted  with  water,  boiled,  and  filtered.  The  filtered  solution  is  again 
boiled,  and  whilst  boiling  poured  into  a  very  strong  solution  of  sodic 
hydrate,  the  whole  boiled,  filtered,  and  washed.  To  the  filtrate  is  added 
a  few  drops  of  disodic  phosphate,  it  is  then  slightly  acidified  with  hydric 
chloride,  and  subsequently  rendered  just  alkaline  by  ammonia.  The 
precipitate  is  collected,  washed,  and  weighed  as  alumina  phosphate. 

The  following  table  will  be  of  use  in  the  conversion  of  phosphate  of 
alumina  into  alum  : — 

Phosphate  of  Alumina,  Ammonia  Alum,  Potash  Alum. 

AUO^Oft.  NH4AL2RO4I2H2O.  KA1,2S0412H^). 

Parts.  Parts.  Parts. 

1  =  3-733  4-481 

2  =  7*466  8-96-2 

3  =  11-199  14-443 

4  =  14-932  17-924 

5  =  18-665  22-405 

6  =  22-398  26-886 

7  =  26-131  31-367 

8  =  29-864  35*848 

9  =  33*597  40-329 
10  =  37-336  44-813 

If  it  is  desired  to  separate  the  phosphoric  acid,  the  phosphates  of 
alumina  and  iron  may  be  treated  with  six  times  their  weight  of  sodic  sul- 
phate, as  before  stated.  Since,  when  operating  in  the  usual  way,  the 
alumina  is  not  recovered  as  alum,  but  as  a  salt  of  alumina,  it  is  of  import- 
ance to  know  whether  alumina  is  contained  in  unadulterated  flour,  and  if 
so  in  what  quantity.  It  is  certain  that  properly  cleansed  wheat  contains 
no  trace  of  alumina ;  but  particles  of  clay  from  the  ground,  as  well  as  sand 
from  the  millstones,  do  as  a  fact  get  into  wheat  flour,  and  there  is  no 
second-class  flour  in  commerce  which  does  not  contain  some  small  percent- 
age of  alumina.  It  might  be  expected  that  this  adventitious  alumina 
would  have  some  sort  of  relationship  to  silica,  for  it  may  be  presumed  to 
exist  as  silicate  of  alumina.  We  fortunately  possess  a  few  analyses  by 
Dr.  Dupre,  and  an  elaborate  research  of  Mr.  Carter  Bell,  which  will  very 
fairly  settle  the  question.  Dr.  Dupre"  analysed  twelve  commercial  samples 
of  flour,  none  of  which  gave  any  reaction  with  the  logwood  test,  and  the 
results  of  the  quantities  of  alumina  and  silica  are  as  follows : — 

Alumina,  Silica.  TtAtia 

Per  cent  of  Ash.    Per  cent,  of  Ash.  MUW' 

Minimum,     .      .       -63  3*08  1:4*7 

Maximum,     .       .372  26*91  1:7*2 

Mean,    .       .       .1*98  10*4  1:5*2 

Mr.  Carter  Bell  analysed  no  less  than  forty  samples  of  flour,  none  of 
which  contained  alumina  as  alum,  and  the  following  are  the  main  results  : — 

Alumina.  Silica.  Ratio. 

Minimum,  .       .       .       -003  '009  1  :  3*0 

Maximum,  .       .       .       *011  '109  1  :  9*1 

Mean,        .       .       .       *004  '034  1  :  8*6 

Mr.  Carter  Bell  also  analysed  thirty-two  samples  of  bread,  none  of 
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which  gave  any  reaction  with  the  logwood  test ;  the  main  results  of  these 
analyses  are  as  follows : — 


Minimum, 
Maximum, 
Mean,  . 


Water. 

40-30 
49'50 
45-56 


Silica. 

•010 
•089 
•016 


Iron 
Phosphate. 
•0005 
D040 
•0018 


Alumina 
Phosphate - 
•0022 
•0082 
•0049 


In  these  last  researches  with  relation  to  bread,  the  ratio  between  the 
silica  and  alumina  is  1  of  silica  to  7*1  of  alumina.  If  the  alumina  is  trans- 
lated into  alum,  the  important  result  is  obtained  that  the  number  of 
grains  of  alumina,  if  calculated  into  alum,  about  equals  the  silica.  Thus, 
in  the  mean  of  the  thirty-two  samples  of  flour,  the  alumina  was  4  mgrms. 
Now  '004  of  alumina  is  equal  to  '035  of  ammonia  alum,  and  the  silica 
is  '034.  Or,  again,  if  the  mean  numbers  of  the  silica  and  alumina  of  the 
thirty-two  samples  of  bread  are  taken,  there  is  '016  silica  to  '019  of  the 
phosphate  of  alumina  turned  into  alum.  This,  if  calculated  on  the  4  lb. 
loaf,  would  be  a  little  over  5  grains  of  alum.  Hence  from  these  researches 
it  is  clear  that  in  cases  in  which  the  analyst  finds  the  presence  of  alum  in 
bread  from  tests  detailed,  and  then  burns  a  quantity  of  the  bread  up,  and 
in  the  ash  estimates  the  phosphate  of  alumina  and  the  silica,  it  will  be  a 
perfectly  fair  calculation,  to  allow  for  every  part  of  silica  found  one  part  of 
alum,  and  this  quantity  is  to  be  deducted  as  natural  to  the  flour  in  the  final 
calculation. 

TABLE  XVII.— Infants'  Farinaceous  Foods. 


I.  Biscuit  foods,  made  from  baked 
wheat  flour  and  condensed 
milk  : — 

Nestles*  

1,  ..... 

n  ..... 
Gerberfc  Co.,  in  Thun, 
Anglo-Swiss,  .... 

Giffey,  Sclieclc  k  Co.,  in  Rohrbach, 
Faust  and  Schunater  in  Gottingen, 


II.  Other  varieties  of  condensed 
infants'  foods : — 
Gerber's  lacto-leguminose,  . 


Liebig's  children's  soup, 
,,       lacto-leguminose,  . 

French's  children's  flour, 
(according  to  the  German  patent 
made  of  sugar  mixed  with  wheat 
flour.) 

Ridge's  food,  .... 

(a  mixture  of  various  flours. ) 
Dr.  Coffin's  food,  N.Y., 

(made  chiefly  from  leguminose 

flours. ) 


Salt*.     I  Fat 


Album- 
inoids. 


2*17 

3*67 

9-85 

1*85 

475 

10*96 

170 

9*50 

1-45 

475 

13-69 

174 

5-02 

10'33 

1-46 

5-44 

8'84 

178 

4*34 

12-86 

1  76 

5*83 

10  71 

1*85 

4  75 

10-96 

to  3 

5  to  6 

18  to  2 

(0*4  to 
•05  ofS03) 
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3-01 

2-  00 
(*69  P08) 

1-13  I 

3-  02 


0*82 
1-34 

4*26 


1-95 
1-59 


Carlw-hydrates. 


Soluble  Insoluble 
in  Cold     in  Cold 
Water.  Water. 

41-16  37*85 


76*08 
78  72 
7572 


43-51 
48  5 
47*68 
48-62 
3912 


33*55 
27-95 
29-94 
27*59 
3470 


8'41 
20*47 

16-80 


9*65 


48*61 
16*25  49*41 

71  09 


8-12 


17-15    1  85-12 


75-47 
84-82 
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Infants'  Farinaceous  Foods. 

§  91.  There  are  a  great  variety  of  farinaceous  foods  in  commerce,  most 
of  them  entirely  unsuited  to  be  the  food  of  young  infants.  A  child  at  the 
breast  is  more  of  a  carnivorous  than  an  omnivorous  animal ;  and  will  digest 
all  kinds  of  meat-broth,  meat  itself,  and  albuminous  fluids  with  comparative 
ease;  but  if,  instead  of  the  natural  milk  of  the  mother,  a  large  amount 
of  starchy  and  saccharine  food  is  given,  so  little  may  be  digested  that  the 
infant  is  starved. 

Some  of  the  farinaceous  foods,  like,  for  example,  "Poison's  Patent 
Flour, n  consisting  of  the  flour  of  Indian  corn,  are  made  entirely  from  one 
ingredient;  the  majority  are,  however,  mixtures  of  starchy,  saccharine, 
and  albuminous  powders. 

A  few  examples  of  these  foods  are  given  in  the  preceding  Table  (XVII.). 


Oats,  Oatmeal. 

§  92.  Of  the  various  species  of  oat  the  Avena  sativa  and  Avena 
orientcdis  are  the  two  chief  species  now  cultivated ;  but  the  varieties  of 


Fig.  28  is  a  section  of  the  oat,  x  190  :  a  is  the  outer  layer  corresponding  to  the  bran  of 
wheat ;  5,  the  cells  of  the  inner  covering  of  the  seed  ;  c,  the  gluten  cells ;  d,  starch- 
holding  cells.    The  starch  granules  at  B  are  multiplied  by  350. 

these  two  species,  according  to  soil,  method  of  cultivation,  etc.,  are  very 
numerous. 

As  met  with  in  commerce,  oats  consist  of  the  seeds  cuclosed  in  their 
pale&Q  or  husk.  The  mean  composition  of  the  ground  oats,  or  oatmeal,  is 
as  follows : — 

Per  cent. 


Water,   12*92 

Nitrogenous  matter,   11*73 

Fat,   6-04 

Sugar,   2*22 

Dextrin  and  gum,   2*04 

Starch,   61 '17 

Fibre   10*83 

Ash,   3*05 


nitrogenous  substance  is  composed  of  gliadin  and  plant-casein. 
?e   '  gliadin  '  (according  to  H.  Ritthaiisen  and  U.  Kreusler)  has  a  much 
j!ip^^r  percentage  of  sulphur  than  the  gliadin  of  wheat ;  the  sulphur  being 
per  cent,  of  the  substance,  while  wheat  gliadin  has  *85  per  cent,  of 
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sulphur.  The  plant-casein  has  the  composition  of  legumin,  but  the 
properties  of  gluten-casein.  Von  Bibra  also  states  that  oatmeal  has  1*24 
to  1  '52  per  cent  of  albumen.  The  oat  possesses  a  greater  proportion  of 
fat  than  other  cereals.   The  composition  of  the  fat  is  as  follows  [Konig] : — 


Per  cent 

Glycerin,   2*8 

Oleic  acid,   60*5 

Stearic  and  palmitic  acids,   36*7 

Hence  it  follows  that  there  is  some  free  fatty  acid. 1  The  composition  of 
the  ash  of  oats  is  as  follows  : — 

Per  cent. 

Potash,   17*00 

Soda,   2-24 

Lime,   3*73 

Magnesia,   7  '06 

•Ferric  oxide   *67 

Phosphoric  acid,   23*03 

Sulphuric  acid   1*36 

Silica,   44*33 

Chlorine,   \r»8 


The  richness  of  oats  in  oily  matters  and  in  protein  compounds  is  an 
explanation  of  its  great  nutritive  powers. 

Adulteration. — The  chief  adulteration  of  oatmeal  is  with  barley-meal, 
and  more  than  one  conviction  lias  taken  place  in  this  country  for  quantities 
of  from  about  15  per  cent.  The  method  of  detecting  and  estimating  this 
adulteration  is  wholly  by  microscopical  means,  and  is  detailed  at  page  140. 
The  defence  which  is  to  be  expected  in  prosecutions  for  adulterated 
oatmeal  is,  that  the  barley  has  become  mixed  with  the  oats  in  an 
accidental  manner.  As  a  fact,  genuine  samples  of  oatmeal  frequently 
contain  other  starches,  such  as  barley,  maize,  etc.  Should  the  foreign 
starches  amount  to  above  3  per  cent.,  such  percentages  have  not  been  yet 
known  to  occur  save  as  wilful  or  fraudulent  admixture  in  oatmeal,  and 
the  analyst  should  not  have  the  slightest  hesitation  in  certifying  and 
letting  the  case  be  tried  upon  its  merits. 

Barley. 

§  93.  There  are  several  species  of  barley  under  cultivation  in  this 
country,  all  of  which  may,  however,  be  considered  as  varieties  of  the 
following  species  of  hordeum  : — H.  hejeastichon,  II.  vulgar^  II.  zeocriton, 
and  II.  duftichon.  It  is  used  as  a  food  in  the  form  of  'barley-meal/  the 
grain  being  ground  whole,  and  as  pearl  barley,  the  latter  being  the  grain 
deprived  of  its  coverings  and  rounded  by  attrition.  Barley-meal  in  the 
time  of  Charles  I.  almost  entirely  took  the  place  of  wheat  as  the  food  of 
the  common  people,  especially  in  the  north  of  England.  The  composition 
of  barley-meal  is  as  follows  : — 

Per  cent. 


Water,   15*06 

Nitrogenous  substances  (albumen,  1*0  to  17  per  cent,),  ll'7f» 

Fat,   T71 

Carbo-hydrates  (Raffinose  -  from  '07  to  1  '0  per  cent ) 

(O'Sullivan,  Journ.  Chem.  Soc.,  xlix.,  70),     .  70*90 

Woody  fibre,   -11 

Ash   -47 


1  There  is  some  free  acid,  if  the  amount  of  glycerin  is  correct ;  but  the  saponification 
was  by  lead  oxide,  which  gives  a  lower  percentage  of  glycerin  than  when  potash  is  used. 

2  Kaffinose  ^R^fl^afi  [a\j  +  114*7°  is  a  fermentable  sugar,  without  action  on 
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The  nitrogenous  substances  are,  it  would  appear,  similar  to  those  of 
wheat,  comprising  albumen,  gliadin,  gluten-casein,  gluten-fibrin,  etc.  The 
constituents  of  the  ash  of  barley  are  as  follows : — 

Per  cent. 


Potash,   20-15 

Soda,   2-53 

Lime,   2*60 

Magnesia,   8  '62 

Ferric  oxide,   *97 

Phosphoric  acid,   34  "87 

Sulphuric  acid,   1  '39 

Silica,   27-64 

Chlorine,   '93 


Barley-meal  is  used  as  an  adulterant  of  various  foods,  but  in  itself  it  is 
little  tampered  with.  The  detection  of  adulterations  is  mainly  micros- 
copical, and  the  dimensions  and  appearances  of  barley-starch  are  described 
at  page  143. 

Barley  Bread. — Barley  bread,  though  but  little  used  in  England,  is 


Fig.  29  is  a  section  of  barley,  x  190  :  a  is  the  layer  of  cells  forming  the  outer  coat  of 
the  seed ;  6,  the  inner ;  c,  the  gluten  cells  ;  and  d,  the  starch-holding  cells.  B, 
barley  starch,  x  350. 

eaten  in  some  parts  of  the  Continent.  The  mean  of  two  analyses  by  Von 
Bibra  is  as  follows  : — 

Per  cent. 


Water,   12*39 

Nitrogenous  substances,   5  '91 

Fat,   -90 

Sugar,   3*95 

Carbo-hydrates,   71*03 

Woody  fibre,   5*63 


llYB. 

§  94.  The  seed  of  the  Secale  cereale,  in  the  form  of  rye-bread,  was  once 
a  common  article  of  diet  in  England,  and  it  is  now  used  as  the  daily  bread 

Fehling.  Dilute  113804  reduces  the  plus  rotation,  and  breaks  it  tip  into  reducing  sugars  ; 
according  to  O'Sullivui],  the  action  of  sulphuric  acid  results  in  eubstatiees  with  a  rotation 
"  +  43^  and  a  if,  of  81.  Raffijioae  turns  yellow  at  120°  and  then  reduces  Fehling,  i  It 
be  oxidised  by  nitric  acid  into  mueic  acid. 
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of  the  northern  European  nations.  The  mean  composition  of  rye  flour  is 
aa  folio ws : — 

Per  cent. 

Water  14*24 

Nitrogenous  substances,  10 '97 

Fatty  matters,  1*95 

Sugar,  3-88 

Gum  7*13 

Starch   5873 

Woody  fibre  T62 

Ash,  1-48 

The  nitrogenous  substances  in  rye  are  made  up  of  albumen,  mucedin, 
and  gluten-casein,  but  gluten-fibrin  and  gliadin  do  not  appear  to  be  present. 
The  fat  extracted  from  the  rye  has,  according  to  Konig,  the  following 
composition : — 

Percent. 

Glycerin,  1  *30 

Oleic  acid,  91  '60 

Palmitic  and  stearic  acids,  8*10 

It,  therefore,  consists  only  in  part  of  glycerides,  some  of  the  acids  being 
in  the  free  state.1  The  gum,  according  to  M.  H.  Ritthausen,  is  soluble  in 
alcohol,  and  has  the  ordinary  composition  of  gum. 

The  ash  of  the  rye-flour  has,  according  to  V.  Bibra,  the  following  com- 
position : — 

Per  cent. 

Potash,  38*44 

Soda,  175 

Lime,  1*02 

Magnesia,  7  '99 

Ferric  oxide,  2 '54 

Phosphoric  acid  48*26 

Sulphuric  acid,  

Chlorine,  

The  composition  of  fresh  rye-bread,  according  to  twenty-seven  analyses, 
from  various  sources,  collected  by  Konig,  is  as  follows : — 


Water, 

Nitrogenous  matters, 
Fat,  . 
Sugar, 

Carbo-hydrates, 
Fibre,  . 
Ash,  . 

None  of  the  cereals  are  so  liable  to  become  ergotised  as  rye.  [See 
Poisons,  by  A.  Wynter  Blyth.]  Roasted  rye  has  been  used  to  adulterate 
coffee,  chicory,  and  other  substances.  It  furnishes,  by  appropriate  treat- 
ment, a  good  malt  for  the  distillation  of  spirits,  and  is  used  in  the  manu- 
facture of  Hollands. 


Minimum. 

Maximum. 

Mean. 

Per  cent. 

Per  cent. 

Per  cent. 

35'49 

48-57 

44-02 

3'49 

9-22 

6-02 

o-io 

•83 

•48 

1-23 

4-55 

2*54 

32*82 

51-13 

45*33 

•29 

•39 

•30 

•86 

3-08 

1*31 

1  The  fat  was  saponified  by  lead  oxide,  (See  the  observations  in  the  article  on 
'  Olive  Oil.') 
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Rice. 

§  95.  Rice  is  obtained  from  the  Oryza  satxva,  and  the  term  is  popularly 
applied  only  to  the  seed  denuded  of  husk  and  inner  cuticle,  the  composition 
of  which  is  as  follows : — 

Per  cent. 


Water,   14*41 

Nitrogenous  substance,   6  '94 

Fat   -51 

Starch,   77*61 

Woody  fibre,   -08 

Ash,   -45 


The  oil  which  is  obtained  from  the  rice  embryo  has  a  density  of  "924  at 
15°  C,  and  at  5°  C.  becomes  thick  and  buttery ;  it  contains  much  olein  and 
an  albuminous  substance.1 

The  composition  of  the  ash  of  rice  is  as  follows : — 

Per  cent 


Potash,   2173 

Soda,   5-50 

Lime,   3*24 

Magnesia^   11*20 

Ferric  oxide,   123 

Phosphoric  acid,   53  *68 

Sulphuric  acid,   *62 

Silica,   2*70 

Chlorine.   *10 


Rice  is  said  to  be  adulterated  from  time  to  time  with  other  starches, 
but  it  is  in  itself  so  cheap  that  it  is  more  likely  to  be  used  as  an  adulterant 


Fig.  30  represents  the  microscopical  structure  of  rice.  The  figure  is  a  section  of  the 
seed,  x  190.  a  is  the  outer  husk  ;  c,  the  gluten  cells ;  and  dt  the  starch-holding 
cells.   B,  the  starch  cells,  x  350. 

than  tampered  with.  The  microscopical  examination  of  a  sample  would 
easily  detect  any  foreign  matters.  The  size  and  characters  of  the  little 
granules  have  been  already  described  at  page  144,  and  are  entirely  different 
from  all  the  other  starches.  A  chemical  method  of  detecting  the  adulteration 
of  rice  has  been  proposed  by  M.  Van  Bastelaer.  It  appears  that  a  saturated 
solution  of  picric  acid  does  not  cause  the  least  precipitate  in  a  cold  watery 
extract  of  rice ;  but  if  maize  starch,  leguminous  starches,  or  other  matters 
be  present,  there  is  a  more  or  less  abundant  precipitate.  The  quantities 
recommended  are  20  grms.  of  the  powdered  rice  steeped  for  an  hour  in  100 
grms.  of  water,  and  then  the  infusion  decanted ;  to  this  infusion  the  picric- 
acid  test  is  applied. 

1  A.  Pavesi  and  E.  Rotondi,  Gazetta  Chimica  Italiana,  iv.,  192-195. 
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be  occasionally  adulterated  with  potato  starches,  etc. ;  these  a  microscopical 
examination  will  at  once  detect.  M.  Genin  has  given  certain  chemical 
reactions,  based  upon  the  different  hues  which  mixtures  of  maize  and 
potato  starch  assume  when  treated  with  iodine,  and  also  a  process  based 
on  the  volume  which  a  precipitate  obtained  by  lead  acetate  in  an  alkaline 
extract  occupies  in  pure  and  adulterated  samples.  These  processes  are, 
however,  far  too  loose  to  be  of  any  service. 


Millet. 


§  97.  The  millet  seeds  are  derived  from  two  species  of  panicum, 
Panicum  miliaceum  and  Panicum  italicum.  It  is  extensively  used  among 
the  Chinese  and  Eastern  races  as  an  article  of  diet,  and  its  nutritive  power 
is  about  equal  to  that  of  rice.1  The  average  composition  of  millet  deprived 
of  its  coverings,  according  to  six  analyses,  is  as  follows  (Rbnig) : — 


Water,  ... 
Nitrogenous  substance, , 
Fat,  . 
Sugar,  . 

Dextrin  and  gum, 
Starch, . 
Cellulose, 
Ash,  . 


Per  cent. 
11-26 
11-29 

3-  56 

1-  18 
6-06 

60-09 

4-  25 

2-  31 


The  composition  of  the  ash  of  the  millet  deprived  of  husk  is  as  follows : — 


Potash, 
Soda,  . 
Lime,  . 
Magnesia, 
Ferric  oxide, 
Phosphoric  acid, 
Sulphuric  acid, 
Silica,  . 


Per  cent. 
18*36 
3-82 

21-44 

1-  82 
44-21 

2-  02 
8-33 


Potato. 

§  98.  The  chemical  composition  of  the  uncooked  potato  is,  according  to 
the  analysis  of  some  fair  average  tubers,  as  follows : — 


Per  cent 

Water   76'00 

Starch,   19*68 

Sugar,   1-20 

Albumen,'2   *70 

Gum   -40 

Asparagin,   '30 

Fat   -30 

Solanin,   '05 

Other  nitrogenous  substances,       ....  '15 

Insoluble  matter,   -40 

Ash,   -82 


100-00 

1  In  the  'Dictionary  of  Hygiene,'  by  one  of  the  authors,  will  be  found  a  remarkable 
experiment  on  the  nutritive  qualities  of  millet. 

2  The  albumen,  according  to  £.  Schultse  and  E.  Eupl£r  (Landw.  Versuchs.  Staf, 
xxril,  357),  varies  in  different  kinds  from  *65  to  1*19  percent 
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Minimum. 

Maximum. 

Mean. 

68*29 

82*22 

75  77 

•51 

3-60 

1-79 

•05 

•80 

•16 

12-05 

26-57 

20-56 

•27 

1-40 

•75 

•42 

1-46 

•97 

A  summary  of  seventy  analyses,  determining  the  principal  constituents 
of  the  potato,  is  given  by  Konig  as  follows : — 

Water,  . 

Nitrogenous  substances, 
Fatty  matters,  . 
Starch,  . 
Woody  fibre,  . 
Ash, 

It  is  thus  seen  that,  according  to  all  analyses,  some  95  per  cent,  of  the 
potato  is  water  and  starch.  The  nitrogen  of  the  potato,  which,  according 
to  the  old  method  of  analysis,  would  be  reckoned  into  albumen,  or,  at  all 
events,  into  protein  substance,  is  derived  from  albumen,  asparagin,  solanin, 
xanthine,  leucin,  and  tyrosin.  It  has  been  calculated  that  about  56  per 
cent,  of  the  total  nitrogen  is  derived  from  asparagin  and  amido  acids—a 
fact  which  must  be  remembered  in  diet  calculations. 

Besides  the  constituents  enumerated,  there  are  certain  organic  acids  in 
the  potato  which  may  be  extracted  in  small  quantities  by  sulphuric  acid 
and  ether.  Among  these  are  citric  and  succinic  acids,  and  possibly  the 
presence  of  these  organic  acids  in  part  accounts  for  the  antiscorbutic  power 
possessed  by  the  potato.  Siewert  has  also  found  from  017  to  *057  per 
cent,  of  oxalic  acid. 

The  composition  of  the  ash  of  the  potato,  according  to  fifty-three 
analyses  by  E.  Wolff,  is  as  follows: — 

Potash,  . 
Soda, 
Lime, 
Magnesia, 
Ferric  oxide, 
Phosphoric  acid, 
Sulphuric  acid, 
Silica, 
Chlorine,  . 

Percentage  of  ash  in  dried 
substance, 

The  potato  is  very  subject  to  a  fungus  disease,  the  life-history  of  which 
has  been  very  fully  elucidated  by  various  observers,  and  more  especially 
by  Worthington  G.  Smith.  The  fungus  is  named  botanical ly  Peronospora 
infe8tam,  and  the  manner  in  which  it  grows,  and  its  method  of  repro- 
duction, is  shown  in  the  annexed  woodcut  (fig.  32). 

The  figure  represents  the  very  highly  magnified  section  of  a  potato 
leaf,  and  the  mycelium  of  the  peronospora  growing  among  the  cells.  A,  A 
are  the  natural  hairs  of  the  potato  leaf;  B,  B  are  the  upper  and  lower 
layers  of  the  healthy  cells.  The  threads  and  bodies  at  C,  D,  E,  F,  and  G 
belong  entirely  to  the  fungus.  The  fine  thread  at  C  is  a  direct  continua- 
tion of  the  spawn  or  mycelium  living  inside,  and  at  the  expense  of  the 
leaf  tissue.  Emerging  into  the  air,  the  thread  is  seen  to  bear  two  distinct 
species  of  fruit — one,  D  D,  called  simple  spores  or  gonidia,  while  at  E  F 
are  what  are  known  as  '  swarm  spores.*  The  swarm  spores,  when  moistened, 
set  free  fifteen  or  sixteen  bodies,  known  as  1  zoo-spores/  so  named  because 
they  are  endowed  with  spermatozoa-like  motion,  being  furnished  with  two 
lash-like  tails,  which  they  move  with  great  rapidity.  A  zoo-spore,  when  it 
falls  on  a  leaf,  has  a  surprising  power  of  corroding  the  epidermis,  and 
entering  into  the  tissue.    This  action  is  probably  due  to  some  special 

\1 


Minimum. 

Maximum. 

Mean. 

43*95 

73-61 

60-37 

16-93 

2-62 

"•51 

6-23 

2-57 

1-32 

13*58 

4-69 

•04 

7*18 

1-18 

8-39 

27-14 

17*33 

•44 

14'89 

6-49 

8*11 

2-13 

"•85 

10-75 

3-11 

2-20 

5-30 

3*77 
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solvent  secreted  by  the  zoo-spore. 


When  movement  ceases,  the  tails  dis- 
appear, and  a  minute 
thread  is  protruded  at 
one  end,  which  develops 
into  a  network  of  my- 
celium. Both  of  these 
methods  of  production  are 
asexual ;  but  there  is  a 
third  method  which  is 
sexual,  and  the  more  im- 
portant, because,  in  this 
case,  there  are  structures 
formed  which  resist  frost 
and  a  variety  of  influences 
destructive  of  the  former 
fragile  structures.  This 
third  method  is  the  pro- 
duction of  oospores  by 
the  conjunction  of  two 
organs  —  the  one  named 
antheridium,  and  analo- 
gous to  the  anther  of  a 
flower,  and  the  other 
oogonium,  analogous  to 
the  ovary  of  a  flower. 
The  oospores  are  dark- 
brown  in  colour,  reticu- 
lated, and  covered  with 
little  warty  prominences 
about  '001  inch  in  dia- 
meter.1 

Analysis  of  the  Potato, 
—  Since  the  potato  is 
mainly  composed  of  water 
and  starch,  a  careful  de- 
termination of  those  sub- 
stances by  the  processes 
purposes.    For  those  in 

1  The  Peruvians  make  a  national  dish  from  frozen  potatoes,  which  they  call  'chuno.' 
The  potatoes  are  steeped  for  a  little  while  in  water,  then  exposed  for  a  few  days  to  sharp 
frost,  washed,  and  rubbed.  By  this  method  the  peel  becomes  detached,  and  the  starchy 
matters  are  dried  in  the  sun  or  in  an  oven.  The  dried  hard  tubers  are  cut  in  thin  slices 
and  baked,  and  eaten  with  the  addition  of  Spanish  pepper.  An  analysis  by  Meisel 
(  Wagnafs  Jahrcsbcricht  der  ehemisch.  2Vc/t wo/.,  1881)  is  as  follows : — 

Per  cent. 
13*030 
81*844 

2-313{fotal  nitrogen,  -4 

1-133 
•182 
•356 

( -400  sugar. 


Fio.  32. 


already  enumerated  will  be  sufficient  for  most 


Water, . 
Starch, 

Nitrogenous  matter, 

Woody  fibre, 
Fat, 
Ash  . 


[  Nitrogen  soluble  in  water,  *03  %. 


Soluble  constituents  in  water, 


1.14.1,.  '141  asparagin. 

1  *601  soluble  starch,  dextrin, 


r 


soluble  ash  constituents,  etc 
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which  great  accuracy  is  not  required,  it  will  he  sufficient  to  take  the 
specific  gravity  of  the  potato,  and  then  refer  to  the  following  table.  This 
table,  for  fairly  good  potatoes,  will  give  results  of  from  within  '3  to  '5  per 
cent,  of  the  true  value ;  but  with  regard  to  tubers  poor  in  starch  there 
may  be  a  much  larger  error. 


TABLE  XVIII.— Showing  the  Percentage  of  Starch  and  Dry  Substance 

CORRESPONDING  TO  VARIOUS  SPECIFIC  GRAVITIES. 


Specific 
Gravity. 

Dry 
8ul*tatice. 

Starch. 

Specific 
Gravity. 

Dry 
Substance. 

Starch. 

1*080 

19-7 

13-9 



1-120 

28-3 

22*5 

1*081 

19-9 

14-1 

1-121 

28-5 

227 

1-082 

20*1 

14-3 

1-122 

287 

22*9 

1-083 

20-3 

14-5 

1-123 

28*9 

23-1 

1-084 

20-5 

147 

1-124 

29*1 

23-3 

1-085 

20*7 

14-9 

1-125 

29-3 

23  5 

1-086 

20-9 

15*1 

1  -126 

29-5 

237 

1-087 

21  -2 

15-4 

1-127 

29-8 

24-0 

1-088 

21*4 

15-6 

1-128 

30*0 

24-2 

1*089 

21  '6 

15-8 

1-129 

24*4 

1*090 

21-8 

16-0 

1-130 

30*4 

24-6 

1-091 

22*0 

16-2 

1-131 

30*6 

24-8 

1-092 

22*2 

16*4 

1-132 

30*8 

25*0 

1-093 

22*4 

16*6 

1-133 

31-0 

25*2 

1-094 

22*7 

16-9 

1-134 

31*3 

25-5 

1-095 

22-9 

171 

1-135 

31  -5 

257 

1-096 

23-1 

17-3 

1-136 

317 

25-9 

1-097 

23  3 

17-5 

1-137 

31-9 

26-1 

1-098 

23*5 

17  7 

1138 

32  1 

26-3 

1-099 

237 

17*9 

1*139 

32*3 

26*5 

1-100 

24-0 

18-2 

1  140 

32-5 

267 

1-101 

24*2 

18*4 

1141 

327 

27-0 

1-102 

24*4 

18-6 

1-142 

3*'0 

27*2 

1-103 

24  6 

18-8 

1143 

33-2 

27-4 

1-104 

24'8 

190 

1-144 

33*4 

27*6 

1-105 

250 

19-2 

1-145 

33  6 

27*8 

1-106 

25  2 

19-4 

M46 

33*8 

28-0 

1-107 

25-5 

197 

1147 

34-1 

28-3 

1-108 

257 

19*9 

1148 

34-3 

28-5 

1*109 

25-9 

20  1 

1-149 

34-5 

287 

1110 

261 

20-3 

1-150 

347 

28-9 

1-111 

26*3 

20-5 

1151 

34-9 

29  1 

1-112 

26-5 

20-7 

1152 

35-1 

29*3 

1113 

267 

20-9 

1-153 

35-4 

29*6 

1-114 

26*9 

21-1 

1-154 

85-6 

29-8 

1*115 

27*2 

21-4 

1155 

35-8 

30-0 

1-116 

27-4 

21*6 

1-156 

36-0 

30-2 

1*117 

276 

21-8 

1-157 

36-2 

30-4 

1118 

27*8 

22-0 

1-158 

36-4 

30-6 

1-119 

38*0 

22-2 

1-159 

36*6 

30*8 

Peas. 

§  99.  The  pea  is,  without  doubt,  the  most  important  of  all  the 
leguminous  plants.  The  garden  pea  is  derived  from  the  Pisum  sativum, 
a  native  of  the  south  of  Europe,  but  long  naturalised  in  this  country. 
The  field  pea,  grown  for  the  purpose  of  feeding  cattle,  is  the  Pisum 
arvense. 
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FortT-Ofoe  analyses  collected  by  Konig  give  the  following  values : — 


yf»^    .....  22  "12  II"'.  \ 

y.zi  g-nrxa  K-iVArix.1  .       .  27  14  I* -5-5  22 

Fas,   3^1  -*4  I -72 

Xhrxpsttcs  fr»*  €i»«iT*  icA^r.  4 1 -SO  ~  "24 

W*aij  fibre   IO-I-j  2-22  5-45 

■  .mi,   3-4&  1-76  2"*i 

The  53*24  per  cent,  of  non-nitrogenous  soluble  natter  i*  composed  of 
36*03  starch,  5*51  dextrin,  and  11  -70  other  substances,  amooz  which  is 
fome  sugar.  Cholesterin  is  also  found  in  peas,  but  there  have  been  no 
researches  a*  to  it*  exact  quantity.  The  most  important  principle  of  the 
pea  is  4  lepromin. '  ltd  amount  varies  in  deferent  specie.  Thus,  H. 
Rrtthausen  found  in  the  green  field  pea,  3-95  per  cent. :  it  the  yellow. 
9*45,  and  in  the  grey,  7 '30  per  cent. :  in  the  garden  pea,  o  P'j  per  cent. 

In  the  young  unripe  rendition,  peas  contain  much  more  v^ter  than  the 
proportions  given  aboTe.  Thus,  Grouven  found  in  young  unripe  peas  and 
beans  the  following : — 

Green  Pea*.  Green  Bern. 

Waitr,  79  "74  91-34 

Car>>Lydr*ses  13D3  5*99 

ATraniivvii,  6  "06  2*04 

Salts,  112 

The  albumen  of  pea*  (which  may  be  obtained  by  boiling  the  sotition 
after  it  has  been  freed  from  legumin;  differs  from  ordinary  vegetable 
albumen,  both  in  elementary  composition  and  in  its  behaviour  to  reagents. 
An  analysis  gives  the  following  percentages : — 

C,  52-94  ;  H,  7-14  :  X,  17'14 ;  S:  1"04 :  O,  21  74. 

After  coagulation  it  dissolves  in  potash  water  to  a  clear  liquid,  which  is 
not  the  case  with  vegetable  albumen. 

The  analysis  of  the  ash  of  peas  gives  the  following  as  the  extremes  and 
mean  of  twenty-nine  analyses : — 

Potash,  . 
Soda, 

Lime,  ... 
Magnesia, 
Ferric  oxide, 
Phosphoric  acid, 
Sulpnuric  acid, 
Sihca, 
Chlorine, . 

Peas,  when  putrid,  undergo  some  peculiar  change  not  yet  investigated, 
resulting  in  the  formation  of  a  poison,  perhaps  similar  to  the  cadaveric 
poisons.2 

1  Some  nitrogen  determinations  by  C.  Rohner  {VenwtK  Stat.,  xxriii.,  247-262),  in 
which  ammonia,  amido  acids,  and  other  products  were  differentiated,  are  as  follows : — 
Total  nitrogen  in  dried  peas,  4*69  per  cent.  ;  nitrogen  as  albumen,  3  '56  (—22*5  per  cent, 
albuminoids) ;  nitrogen  as  ammonia,  -020 ;  nitrogen  as  amido- acid  amides,  *G52  per 
cent.  ;  nitrogen  as  amido  acid,  *361  ;  nitrogen  as  peptones,  697  per  cent. 

*  Some  years  ago  a  case  of  wholesale  poisoning  from  this  cause  occurred  iii 
SeJford.  Many  persons  who  had  partaken  of  slightly  decomposed  peas  exhibited 
symptoms  of  irritant  poisoning.  The  peas  were  chemically  examined,  but  contained 
neither  mnenic,  copper,  lead,  nor  other  metallic  poison.  [Pharm.  Journ.  (3),  294.]  The 


hUMOB. 

Matiimiiii 

Mean. 

35-90 

51-41 

42-79 

3*57 

•96 

2-21 

7-90 

4*99 

5 -SO 

13-02 

7-96 

3-83 

•S6 

29130 

44-41 

36-43 

9-46 

3-S1 

3D2 

•56 

S-5U 

1-54 

§  100.] 
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For  the  general  analysis  of  peas,  the  water,  the  ash,  and  the  amount  of 
starchy  matters  are  estimated  by  the  processes  already  detailed.  To 
separate  the  legumin,  the  peas  must  be  powdered,  or,  if  fresh,  mashed  into 
a  paste,  and  treated  with  successive  quantities  of  cold  water,  which  may 
be  advantageously  feebly  alkaline,  but  must  not  have  the  least  trace  of 
acid.  The  legumin  may  now  be  precipitated  by  acetic  acid,  the  precipitate 
dissolved  in  weak  potash,  again  precipitated,  and  then  dried  and  weighed. 
Legumin  is  almost  insoluble  in  cold  or  warm  water ;  but  since  it  may  be 
extracted  so  easily  from  the  fresh  seeds,  it  is  supposed  to  be  in  combination 
with  phosphates  of  the  alkalies  when  in  its  natural  condition.  But  it  is 
easily  soluble  in  diluted  alkaline  liquids,  and  also  readily  dissolves  in  a 
solution  of  alkaline  phosphates ;  if  boiled  it  becomes  insoluble  in  alkalies. 
Pure  alkaline  solution  of  legumin  shows,  with  a  little  cupric  sulphate,  a 
beautiful  violet  colour.  If  impurities  are  present,  such  as  gum  or  starch, 
the  colour  is  blue.  On  boiling  the  alkaline  solution,  the  legumin  does  not 
coagulate,  but,  as  in  the  boiling  of  milk,  a  scum  of  altered  legumin  appears 
on  the  surface. 

§  100.  Preserved  Peas. — Copper  in  Peas. — Peas  are  preserved  in  several 
ways,  sometimes  by  simply  drying,  when  they  form  the  well-known  dried  peas 
of  the  shops.  But  the  more  modern  method  is  to  heat  the  peas  in  a  suitable 
tin  capable  of  being  hermetically  sealed.  The  sealing  is  effected  while  the 
tin  with  its  contents  is  at  a  high  temperature.  The  rationale  of  the 
process  is,  that  putrefying  germs  existing  on  the  surface  of  the  peas  are 
destroyed,  and  fresh  putrefactive  agencies  are  prevented  from  gaining 
access  by  the  exclusion  of  air.  Peas  so  preserved  may,  as  proved  by 
analysis,  be  quite  as  nutritious  as  fresh  peas.  Preserved  peas  have  often 
undergone  a  preparatory  treatment  by  boiling  in  copper  vessels,  the  object 
of  which  is  to  impart  a  fine  green  colour. 


The  reason  why  vegetables  preserve  their  green  colour  when  treated  by  copper  is, 
according  to  Tschirch,1  owing  to  the  formation  of  a  compound  of  copj>er  with  phyllocyanic 
acid  (C^rlagNaOj).  Phyllocyanate  of  copi>er  has  the  comfiosition  (C^H^NoO^Cu,  and 
contains  8*55  per  cent  copper  ;  it  is  insoluble  in  water,  but  soluble  in  strong  alcohol  and 
chloroform  ;  it  is  not  soluble  in  dilute  acetic  nor  in  dilute  or  concentrated  hydrochloric 
acid.    Its  alcoholic  solution  gives  an  absorption  s{>ectrum  characterised  by  four  bands. 

subject  of  the  formation  of  new  and  poisonous  substances  in  such  an  article  of  food  would 
well  repay  investigation. 

In  Germany  there  has  been  used  a  condensed  food  made  up  of  powdered  and  dried 
meat,  incorporated  with  pea-meal,  by  strong  pressure ;  it  is  scarcely  necessary  to  say, 
that  in  this  manner  a  food  invaluable  for  the  soldier  is  obtained,  and  one  that  contains 
in  a  very  small  compass  all  the  essentials  of  nourishment.  An  analysis  of  these  {Ma-meat 
tablets  is  as  follows  : — 

Per  cent. 

Water  12*09 

Nitrogenous  matters,  31*18 

Fat  8-08 

Carbo-hydrates,  47*50 

Ash,  6*15 

A  condensed  pea  soup  is  also  prepared.  Two  analyses  of  this  condensed  soup,  given  by 
Konig,  are  as  follows  : — 

1.  2. 

Water,  7 '58  8*08 

Nitrogenous  matters,  .       .       .       .       16*93  15*81 

Fat,                                                     8*98  24*41 

Carbo-hydrates,                                    53*44  36*78 

Woody  fibre  1*34  1*69 

Ash,  11*73  13*23 

1  Das  Kupfer.    Stuttgart,  1893. 
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Tschirch  has  shown  that  although  copper  phyllocyanate  is  so  insoluble  in  acids,  yet 
when  administered  to  animals  it  produces  the  same  effects  as  equal  quantities  of  copper 
given  as  the  soluble  tartrate  ;  at  the  same  time  he  considers  that  so  small  a  quantity  of 
copper  added  as  will  produce  phyllocyanate  only  would  probably  not  be  injurious  to 
health. 

M.  Guillemare  and  M.  Lecourt  have,  however,  now  patented  a  process  by  which 
chlorophyll  has  been  substituted  for  the  objectionable  coppering.  The  copper  that  has 
hitherto  been  found  in  tinned  peas  has  amounted  to  about  2  grains  to  2*6  grains  in  the 
pound  tin,  and  the  question  arises  whether  the  copper  is  injurious  to  health  in  this 
proportion  or  not  In  the  prosecutions  which  have  been  instituted,  it  is  obvious  that 
men  of  considerable  scientific  reputation  have  expressed  strong  opinions  on  the  subject ; 
nevertheless,  the  whole  of  the  injurious  action  of  coppered  peas  rests  entirely  on  theoiy, 
and  in  no  single  instance  (although  the  consumption  of  coppered  peas  has  been  very  large) 
has  any  really  definite  case  been  brought  forward  of  actual  poisoning  by  peas  coloured  in 
this  way.  Legrif  has  found  in  the  intestine  of  a  healthy  man  '036  to  *040  grm.  of 
copper  ; 1  and  Messrs.  Paul  and  Kingzett  have  shown  that,  even  when  a  soluble  compound, 
like  sulphate  of  copper,  is  ingested,  most  of  it  is  excreted  by  the  faeces. 

.  Some  addition  to  exact  knowledge  as  to  the  quantity  of  copper  necessary 
to  impart  a  green  colour  to  peas,  and  also  as  to  the  action  of  coppered  peas 
upon  the  human  organism,  has  been  made  by  Dr.  F.  W.  Tunnicliffe2  for 
the  Departmental  Committee  appointed  in  1899  to  inquire  into  the  use  of 
preservatives  and  colouring  matters  in  foods. 

After  actually  viewing  the  process  of  greening  by  copper  in  use  by 
manufacturers,  experiments  were  made  by  boiling  definite  quantities  of 
copper  sulphate  with  weighed  quantities  of  peas,  and  the  following  results 
were  obtained : — 

1  part  of  copper  sulphate  boiled  with  7950  of  peas  yielded  peas  containing  on  analysis 
18*7  mgrms.  copper  per  kilo. 

1  part  boiled  with  3975  ditto.,  38  mgnns.  Cu. 
1  ,,  1557    ,,     44  mgnns.  Cu. 

1  „  1987    „     72  mgnns.  Cu. 

1  774    „     90  mgnns.  Cu. 

So  that  usually  there  was  some  relation  between  the  copper  added  and  the 
copper  absorbed  by  the  peas.  Tunnicliffe  concluded  that  50  mgrms.  of 
copper  absorbed  per  kilo,  was  sufficient  to  impart  a  permanent  and 
adequate  greenness  to  peas. 

This  quantity  is  half  of  that  permftted  by  the  law  of  France  and  Italy 
(100  mgrms.  per  kilo.). 

Experiments  were  also  made  upon  a  child  as  to  the  effect  of  the 
ingestion  of  coppered  peas. and  as  to  how  much  of  the  copper  was  excreted. 
Since  copper  is  normally  present  in  other  foods,  the  child  was  given  a 
uniform  diet  during  the  whole  period  of  observation  (32  days). 

The  following  table  summarises  the  results  obtained  : — 

A  is  a  period  of  eight  days  during  which  the  uniform  diet  was  taken  without  peas  or 
copper,  save  what  copper  may  have  been  in  the  standard  diet. 

B,  A  period  of  two  days,  in  which  fresh  uncoppered  peas  were  taken  in  quantities  of 
200  grms.  per  day,  in  order  to  eliminate  any  effect  on  the  intestines  of  peas  as  peas. 

C,  A  period  of  two  days,  in  which  200  grms.  each  day  of  peas  were  commercially 
greened  with  copper  and  previously  analysed. 

D,  A  period  of  two  days,  in  which  the  same  amount  of  sulphate  of  copper  was  added 
to  fresh  peas  after  they  were  boiled  and  just  before  they  were  eaten.  This  experiment 
was  devised  to  ascertain  any  differences  there  might  be  between  copper  in  the  form  of 
phyllo-cyanate  and  albuminate  and  copper  mainly  as  a  mineral  salt. 

and  g  were  subsequent  periods  of  eight,  four,  and  six  days  respectively,  during 
which  no  coppered  j>eas  were  eaten,  but  in  which  the  excreta  were  analysed  and  the 
copper  estimated. 

1  Sonnenschein. 

*  Appendix  No.  5,  304,  305.  Appendix  No.  7,  312,  Departmental  Committee  on 
Prmervatives.    London,  1901. 
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TABLE  XIX.— Showing  the  Rklation  between  thk  Ingestion  and  Excretion  of 
Copper  during  the  various  periods,  expressed  in  Morms.  per  Day. 

Mgriu. 


Fseceu. 


A  1  0  29 
B  072 

C  j  10-79 

I  D  I  745 
e  1-42 

i  f  1  057 
g  0'35 

I 


The  table  shows  that  immediately  after  the  ingestion  of  the  coppered 
peas  the  excretion  rose,  and  no  less  than  77  per  cent,  was  excreted  with 
the  feeces,  and  therefore  never  entered  the  body  at  all.  The  remaining 
quantity  was  probably  absorbed  into  the  system,  and  stored  up  in  the 
liver.  That  is  to  say,  the  small  amount  of  3  mgrms.  was  absorbed  into 
the  blood.  On  the  other  hand,  when  the  mineral  copper  sulphate  was  so 
mixed  with  the  food  that  very  little  of  it  could  have  combined  with 
albuminous  matters,  then  the  excretion  by  the  feeces  was  only  34  per  ceut., 
while  over  14  ragrms.  entered  the  blood. 

These  experiments,  therefore,  fully  bear  out  the  statements  made  in 
former  editions  of  this  work,  viz.,  that  there  must  be  a  distinction  drawn 
between  copper  in  organic  combination  and  copper  taken  as  a  mineral 
salt 

Nevertheless,  a  majority  of  the  Committee  recommended  "  That  the  use 
of  copper  salts  in  the  so-called  greening  of  preserved  foods  be  prohibited." 

Dr.  Tunnicliffe,  a  member  of  the  Committee,  dissented  from  this  recom- 
mendation, and  suggested  that  a  limitation  should  be  placed  on  the 
amount,  that  "  the  presence  of  copper  in  these  preserved  vegetables  be  in 
every  case  declared,  and  that  its  amount  be  restricted  to  half  a  grain  of 
metallic  copper  per  lb." 

The  method  of  detecting  copper  in  peas  is  as  follows : — A  weighed 
quantity  of  the  peas  is  burned  to  an  ash  in  a  muffle,  the  ash  is  dissolved 
in  hydrochloric  acid,  the  acid  solution  evaporated  to  dryness,  and  then 
taken  up  with  nitric  acid,  filtered,  and  submitted  with  the  precautions  and 
under  the  conditions  detailed  at  p.  112,  to  the  galvanic  current. 

Tinned  i>eas  may  contain  traces  of  tin.  The  process  for  the  detection  of  tin  is  as 
follows : — A  sufficient  Quantity  of  the  peas  is  incinerated  in  a  platinum  dish,  the  ash  is 
heated  with  strong  hyaric  chloride,  and  evaporated  nearly  to  dryness  ;  a  little  water  is 
then  added,  boiled,  and  the  solution  filterea.  This  method  of  exti'action  is  repeated 
once  or  twice.  The  solution  is  now  saturated  with  hydric  sulphide,  and  any  yellow  pre- 
cipitate filtered  off.  This  should  present  the  characters  of  sulphide  of  tin.  Tin  has 
been  found,  according  to  Mr.  Hehner,1  generally  in  tinned  goods  to  the  amount  of  10 
mgrms.  in  the  English  pound,  and  it  has  been  supposed,  without  adequate  proof,  to 
exist  as  a  stannous  hydrate,  a  tin  compound  which  is  poisonous. 

No  prosecution  has  hitherto  taken  place  with  regard  to  tin  in  preserved 
goods;  and  in  such  small  quantities  as  have  hitherto  been  found,  it  is 
very  questionable — presuming  the  tin  to  exist  as  stannous  hydrate — 
whether  any  injury  would  result. 

1  Analyst,  1880,  p.  218. 


i  excreted. 


I  Total 
1  excretion. 


Urine. 


ToUl 
Ingested 
with  peas. 


Mtcrm.  Cu 
retained. 


Per  cent. 
I  Cu  excreted 
in  faeces 


0-29 

... 

traco. 

072 

6'-35 

0-03 

10-82 

14-0 

3-18 

77 

0*03 

7*48 

22-06 

14-69 

0-08 

1-48 

8.4 

0*08 

0-65 

... 
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Chinese  Peas. 


§  101.  A  pea  or  bean,  much  used  in  China  in  the  form  of  cheese,  is  the 
Soya  hispida.1    Its  composition,  according  to  G.  H.  Pellet,  is  as  follows : — 


Water,        .      .  . 
Nitrogenous  matters  (coagulable 

nitrogen,  6*25), 
Starch,  dextrin,  and  sugar, 
Cellulose, 
Ammonia, 


Sulphuric  acid, 
Phosphoric  acid, 
Chlorine, 
Potash, 
Lime,  . 
Magnesia,  . 

Substances  insoluble  in  acids, 
Not  estimated  mineral  substances, 
Different  organic  matters, 


1. 

2. 

3. 

9-000 

10-160 

9-740 

35-500 

27-750 

31 750 

3-210 

3-210 

3-210 

11-650 

11-650 

11-650 

•290 

•274 

•304 

•065 

•234 

141 

1-415 

1*554 

1-631 

•036 

•035 

•037 

2-137 

2*204 

2-317 

•432 

•316 

•230 

•397 

•315 

•435 

•052 

•055 

•061 

•077 

•104 

•247 

15-289 

25-539 

24  127 

Lentils. 

§  102.  The  lentil  is  the  seed  of  the  Ervum  lens,  one  of  the  Leguminosas. 
Lentils  are  grown  and  eaten  in  all  parts  of  the  civilised  world,  and  are 
highly  nutritious.  They  contain,  according  to  H.  Ritthausen,  5*9  per 
cent,  of  legumin,  and  their  general  composition  is  as  follows : — 


Ter  cent 

Water   12-51 

Nitrogenous  substances,   24  '81 

Fat,   1-85 

Carbo-hydrates,   54*78 

Woody  fibre,   3*58 

Ash,   2-47 

The  general  composition  of  the  ash  is  as  follows 

Per  cent. 

Potash,   34-76 

Soda,   13-50 

Lime,   6*34 

Magnesia,   2*47 

Ferric  oxide,   2*00 

Phosphoric  acid,   36*30 

Chlorine,   4*63 


1«The  pea-cheese  is  considered,  in  China  and  Japan,  a  very  important  food.  The 
peas  (Soya  hispida)  are  soaked  in  water  for  about  24  hours,  then  strained  ;  they  are  next 
ground  to  a  thin  paste  with  some  of  the  water  which  has  been  put  on  one  side.  The 
grinding  is  effected  by  a  mill.  The  matters  are  filtered,  and  the  filtrate  is  concentrated 
by  heat ;  and  after  skimming  once  or  twice  is  cooled,  the  casein  coagulated  by  plaster, 
and  a  salt,  which  appears  to  be  chloride  of  magnesium,  added.  The  cheese  is  greyish- 
white,  and  has  the  following  general  composition  : — 


Per  cent. 

Water  90*37 

Fatty  matters,  2*36 

Nitrogen,   .  "78 

Ash,   *76 


— M.  Stanislaus  Julien  et  M.  Paul  Champion 
' '  Industries  de  r Empire  Chinois. 
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Bhans. 

§  103.  The  beans  eaten  in  this  country  are  mostly  the  kidney  bean, 
Pkaseolus  vulgare,  and  the  broad  bean,  Vicia  /aba.  The  following  is  the 
average  composition  of  these  vegetables : — 

Broad  bean.  Kidney  bean. 

Water,  14*84  13*60 

Nitrogenous  substances,     .  .      28*66  28*12 

Fat.   1*68  2*28 

Carbo-hydrates   49*25  63*68 

Woody  fibre   7*47  8*84 

Ash,  3*15  8*58 

Thejpercentage  composition  of  the  ash  of  these  different  beans  has  the 
following  composition : — 

Broad  bean.  Kidney  bean. 

Potash   42*49  44*01 

Soda,   1*84  1*40 

Lime   4*78  6*38 

Magnesia   7*08  7*41 

Ferric  oxide,   *57  *32 

Phosphoric  acid   88  '74  35  *00 

Sulphuric  acid,   2*53  4*05 

Silica,   "73  *57 

Chlorine,   1*57  *86 

From  both  the  broad  and  the  kidney  bean  a  small  quantity  of 
cholesterin  can  be  separated.  According  to  llitthausen,  the  legumin  of 
the  kidney  bean  has  a  composition  different  from  that  of  other  legumins ; 
for  while  the  percentage  of  nitrogen  in  pea  and  millet  legumin  amounts  to 
16*77  per  cent.,  that  of  kidney  bean  legumin  has  only  14*71  per  cent. 
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MILK. 
Historical  Introduction. 

§  104.  Before  the  birth  of  experimental  philosophy,  the  origin  rather 
than  the  composition  of  substances  was  the  subject  of  inquiry,  and  of 
fanciful  and  more  or  less  ingenious  conjecture.  Milk  to  the  ancient,  as 
well  as  to  the  modern  world,  was  a  fluid  of  great  virtue.  Aristotle  affirmed, 
1  Lac  est  sanguis  concoctus,  non  corrupttis,9  which  may  be  translated,  Afilk  is 
elaborated,  not  decomposed,  blood — an  opinion  identical  with  that  held  by 
nineteenth-century  philosophers. 

Averroes,  Avicenna,  and  others,  reasoning  in  part  from  the  difficulty 
with  which  many  females  conceive  while  suckling,  held  that  milk  was 
altered  menstrual  blood.  Avicenna,  indeed,  formularised  this  doctrine  by 
declaring  that  the  menstrual  blood  of  the  pregnant  was  divided  into  three 
parts — part  going  to  nourish  the  foetus,  part  ascending  to  the  breasts,  and 
the  remainder  being  an  excrementitious  product.  These  opinions  may  be 
traced  to  writers  of  a  much  later,  almost  modern  epoch.  The  ancients 
were  acquainted  with  only  three  constituents  of  milk— viz.,  butter,  with 
which  they  used  to  anoint  their  infants ;  casein,  which  they  precipitated 
with  vinegar ;  and  the  whey  from  which  the  curd  and  butter  had  separated, 
and  this,  up  to  the  early  part  of  the  sixteenth  century,  constituted  the  whole 
of  what  was  known  as  to  the  composition  of  milk.  Placitus  enumerates 
no  more  constituents  than  Avicenna,  but  devotes  several  pages  to  the  then 
all-important  question  as  to  whether  milk  was  hot,  cold,  or  moist,  and 
concludes  that  animal  milk,  as  compared  with  that  of  human,  is  cold, 
human  with  that  of  animal,  hot.  Placitus1  was  an  upholder  of  the 
menstrual  theory.  Panthaleon  2  similarly  cites  with  approval  the  dictum 
that  milk  is  a  fluid  superfluity,  twice  concocted  in  the  breasts,  and  gravely 
discourses,  as  stated,  whether  it  is  hot  or  cold.8  He  recognises  three  parts 
only  in  milk — viz.,  serum,  butter,  and  curd.    His  treatise  is  mainly 

1  Sexti  Placiti  Papyriensis  :  De  Natura  et  Usu  Lactis,  mdxxxviii.  It  would  appear, 
according  to  this  author,  that  the  Germans  in  his  time  used  the  milk  of  all  animals,  for 
he  enumerates  the  milk  not  only  of  cows,  mares,  and  goats,  but  also  of  pigs. 

a  Summa  Lacticinoriim,  1528. 

*  There  are  several  other  treatises  on  milk  about  this  epoch,  but  they  nearly  all,  as, 
for  example,  that  of  Gesner  {Libellus  de  Lade  et  Opcribus  Lactarius,  auth.  Conrado 
Gesnero,  Medico),  consist  of  commentaries  on  the  opinions  of  older  writers,  and  are  of  no 
value. 
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composed  of  references  to  the  ancients,  and  the  usual  disputations  as  to 
whether  milk  is  hot  or  cold.  The  first  mention  of  a  fourth  constituent  of 
milk  occurs  in  a  curious  work  by  Bartoletus,  published  in  1619.  Bartoletus 1 
called  it  the  ' manna'  of  milk,  or  '  nitrum  seri  ladis.9  In  his  days  sulphur, 
mercury,  and  a  saline  principle,  were  considered  as  the  three  active  essences 
of  all  things,  and  as  existing  in  all  things ;  hence,  Bartoletus,  from  the 
yellow  colour  of  butter  referred  it  to  a  sulphur  principle,  the  whey,  doubtless 
from  its  mobility,  to  quicksilver,  and  the  curd  to  a  saline  element.  He 
then  compares  milk  with  blood,  also  composed  of  a  sulphurated,  saline,  and 
mercurial  principle.2  The  discovery  of  Bartoletus  for  a  long  time  was  not 
known  beyond  Italy.  A  French  apothecary,  named  Bartholomew  Martin, 
writing  in  1706,8  enumerates  the  constituents  of  milk  as  three — butter, 
analogous  to  sulphur,  serum  to  mercury,  and  cheese  to  salt ;  but  was  not 
acquainted  with  milk-sugar,  although  eight  years  before  Ludovico  Testi 4 
had  written  an  entire  treatise  on  it,  calling  it  by  the  name  it  now  bears. 

In  the  early  part  of  the  eighteenth  century,  Leeuwenhoek  discovered 
the  microscopical  characters  of  milk.  He  saw  that  it  was  a  fluid  containing 
many  globules.  Some,  which  he  judged  to  be  of  a  buttery  nature,  rose  to 
the  top  of  the  liquid ;  and  others,  again,  rather  sank  to  the  bottom,  and 
were  evidently  different  in  composition.5  Some  twenty  years  later,  A. 
Donn£,  in  his  Cours  Microsropiquef  published  some  beautiful  plates  of 
several  kinds  of  milk,  fresh  and  sour,  human  and  animal,  exhibiting  the 
globules,  etc.,  drawn  to  scale  with  wonderful  accuracy. 

§  105.  In  the  early  part  of  the  eighteenth  century  flourished  the  school 
of  the  illustrious  master  Boerhaave,  who  laid  the  foundations  of  animal 
chemistry.  Boerhaave  saw  in  milk  the  most  perfect  food,  and  to  him  it 
was  a  fluid  containing,  wrapt  up  in  mystery,  all  the  elements  of  the  body. 
Hence  he  laid  the  greatest  stress  on  the  importance  of  its  study,  and  without 
doubt  his  example  and  teaching  were  the  immediate  cause  of  the  numerous 
experiments  carried  out  by  his  disciples,  Vullyanoz,  Doorschodt,  and  others. 
Boerhaave  says  7 — 

"  An  animal  is  composed  of  matter  which  was  not  that  animal  before,  but  is  changed 
into  it  by  the  vital  power  of  the  animal.  .  .  .  Milk,  therefore,  appears  to  be  the  first 
thing  to  be  examined,  for  this  is  a  true  chyle,  and  much  less  diluted  with  the  lymph  than 
the  chyle  when  poured  into  the  subclavian  vein,  and  therefore  approaches  nearer  to  the 
aliment.  It  has  flowed  through  the  veins,  the  heart,  the  lungs,  and  the  arteries,  and 
therefore  has  been  mixed  with  all  the  juices,  and  being  afterwards  separated  by  the 
particular  structure  of  the  breasts,  it  may  be  collected  and  examined  apart.  Milk  is  a 
fiqaor  prepared  from  the  aliment  chewed  in  the  mouth,  digested  in  the  stomach, 
perfected  by  the  force  and  juices  of  the  intestines,  and  elaborated  by  means  of  the 
mesentery  and  its  glands  and  juices,  and  the  juices  of  the  thoracic  duct ;  it  has  undergone 
some  actions  of  the  veins,  arteries,  heart,  lungs,  and  juices,  and  begun  to  be  assimilated, 


i  Bartoletus  was  an  Italian  physician,  a  professor  at  Bologna  and  Mantua,  b.  1586, 
D.  1680.  His  work  is  entitled,  Encyclopaedia  Hermctwo-Doffniatica  sive  Orbis 
Doctrinarum,  Physiologicoe,  Semioticce,  et  ThsrapeuUeee.  Bononia,  1619,  4 to.  The  quarto 
is  little  over 800  pages,  and  is  divided  into  five  parts,  viz.,  (1.)  Physiology,  (2.)  Hygiene, 
(8.)  Pathology,  (4.)  Semiotics,  and  (5.)  Therapeutics. 

1  "  Enim  in  lade  videre  est,  in  quo  serosa  portio  mercuriali  liquor i,  butyrosa  mlphurew, 
easeosa  vera  saline  substantia  respondet.  Ita  in  sanguine  alia  sulphurcec,  alia  saline, 
alia  mercurials  substantia  proportionaliter  respondet.11 

•  TraiU  du  Lait,  par  Barth.  Martin,  Apothicaire,  Paris,  1706. 
4  Relatione  concernente  il  Zucchero  di  Latte,  1698. 

•  Letters,  tome  iL,  4 to  edition,  1722. 

•  Cours  de  Microscopic,  8vo,  Paris,  1844  ;  Atlas,  in  folio,  Paris,  1845. 

'  "The  Practice  of  Chemistry, "  translated  from  Boerhaave*s  Elcmenta  Ctemicoe.  By 
Peter  Shaw,  M.D.    2nd  ed.   LoncL  1741,  2  vols.,  4 to. 
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yet  may  be  had  separate  and  discharged  out  of  the  body.  And  thus,  by  their  own  milk 
prepared  from  the  proper  matter  of  the  chvle,  all  the  known  animals  that  have  milk  are 
nourished,  both  male  and  female  ;  for  milk  is  always  prepared  from  the  chyle  as  well  in 
men  as  in  women,  as  well  in  virgins  and  barren  women  as  in  mothers  and  nurses.  Whence 
every  such  animal  consists,  is  nourished,  and  lives  on  its  own  proper  milk,  and  from  this 
alone  prepares  all  the  other  parts,  both  the  solid  and  fluid,  by  means  of  the  vital  actions. 
It  is  now  certain  that  men  may  live  for  years  upon  milk  alone,  and  perform  all  the 
actions  of  life,  and  have  all  the  solid  and  fluid  parts  of  their  bodies  perfectly  elaborated 
thereby.  The  serum,  therefore,  the  blood,  the  lymph,  the  spirits,  bones,  cartilages, 
membranes,  and  vessels,  proceed  from  milk,  and  if  a  man  may  live  for  years  upon  milk 
alone,  milk  must  contain  in  itself  the  matter  of  all  the  parts  of  the  human  body." 

Boerhaave  appears  to  have  tested  milk  with  a  great  variety  of  reagents, 
and  found  that  it  was  curdled  by  all  acids,  whether  nitric,  acetic,  hydro- 
chloric or  sulphuric,  or  by  acid  vegetable  juices.  He  also  distilled  milk,  and 
found  that  it  gave  no  spirit  on  distillation.  "  It  also  appears  not  to  contain 
any  trace  of  saline  matter,  being  inodorous  and  perfectly  insipid,  and  causing 
no  pain  if  dropped  into  the  eye."  On  boiling  milk  with  alkalies,  Boerhaave 
was  the  first  to  notice  the  yellow  colour  caused  by  the  decomposition  of  the 
sugar.  He  thought  that  a  similar  change  took  place  in  fevers,  for  he 
notices  the  yellow  milk  of  feverish  women,  and  warns  the  physician  that  he 
must  not  suppose  the  yellowness  to  be  caused  by  an  acid,  but  rather  by  an 
alkaline  tendency,  and  by  too  much  heat.  Boerhaave  paid  particular 
attention  to  the  state  of  the  milk  in  fevers  and  infectious  diseases ;  "  and  in 
the  last  contagion  among  the  cows,  whilst  their  meat  remained  in  the 
stomach,  and  was  neither  discharged  upwards  by  ruminating  nor  expelled 
downwards,  and  therefore  truly  putrefied  with  the  violent  degree  of  heat, 
so  that  the  stomach  was  almost  scorched  with  heat,  as  we  explained  the 
thing  ....  Then  the  milk  grew  sharp,  yellow,  somewhat  foetid,  and  thin 
in  the  dug,  and  in  this  form  was  either  milked  out  or  dropped  spontaneously." 
He  also  condemned  the  use  of  milk  from  heated  or  improperly  fed  animals, 
or  those  suffering  from  fever,  and  remarked  that  it  would  be  found  of  a 
foetid  urinous  odour,  yellow  in  colour,  thin,  of  a  saline  ungrateful  taste,  aud 
acquiring,  after  a  time,  an  odour  of  rancid  cheese.1 

§  106.  Boerhaave,  so  far  as  is  known,  made  no  quantitative  determination 
of  any  of  the  constituents  of  milk ;  but  a  very  early  attempt  is  found  in  u 
research  undertaken  by  GeofFroy,  published  in  1737.2  This  experimenter 
took  12  lbs.  of  milk,  and  after  coagulating  the  fluid,  heated  it  gently  over 
the  fire,  in  order  to  separate  the  coagulum  more  completely.  The  liquid 
was  now  filtered,  and  the  serum  and  coagulum  both  weighed.  The  serum 
weighed  8  lbs.,  the  coagulum  2  lbs.  7  ozs.  The  serum  was  then  evaporated 
to  dryness,  and  left  a  residue  weighing  7  ozs.  24  grains ;  in  other  words,  it 
amounted  to  5*2  per  cent. ;  and  since  it  must  have  been  mainly  composed 
of  milk-sugar  and  salts,  the  determination  is  almost  as  exact  as  that  of  any 
analysis  of  the  present  day.  He  now  appears  to  have  distilled  the  residue, 
and  obtained  empyreumatic  products,  and  a  *  caput  mwtuumj 13  from  which 
he  extracted  soluble  salts  by  lixiviation,  and  among  these  salts  he  recognised 
chloride  of  sodium  by  its  cubical  crystals. 

Doorachodt 4  experimented  on  milk,  possibly  under  the  immediate  super- 
intendence of  Boerhaave  ;  for  he  distilled  it,  and  noticed  that  the  distillate 

1  A  work  by  Dunionchaux,  about  the  period  of  the  Boerhaave  school,  De  Lactc 
Mammarum  el  ringuidinc,  Petrus  J.  Dunionchaux,  Duaci,  1754,  contains  nothing  new 
about  the  composition  of  milk,  but  merely  cites  the  opinions  of  others. 

2  Commercium  Literan'um  ad  He  Medico:  et  ScUnluv.  Naturalis  Increment um 
InstUulium,  etc,  1737. 

1  The  caput  mortuum  was  the  name  of  any  residue  left  after  distillation  in  the  retort 
4  Henricus  Doorachodt:  Jk  Lacte,  1737. 
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iu  neither  arid  dot  alkaline,  concluding,  hence,  that  water  alcne  was 
condensed,  and  that  there  was  no  other  volatile  principle.  He  also  boiled 
the  milk  with  alkalies,  and  details  with  great  precision  the  successive  changes 
of  colour.  He  appears  to  have  been  the  first  to  notice  that  alcohol  coagulates 
milk,  and  also  that  it  may  be  preserved  by  borax  and  other  antiseptics. 

£  107.  M-  Vullyanoz,  another  disciple  of  Boerhaave,  published  a  tract,1 
in  1756,  on  the  essential  salt  of  milk,  which  tended  greatly  to  spread  a 
knowledge  of  the  substance  discovered  by  Bartoletus,  and  described  so  fully 
by  Tteti  the  Italian.  It  would  appear  from  his  treatise  that  sugar  of  milk 
was  then  an  article  of  commerce,  but  that  there  was  great  difficulty  in 
preparing  it  white  and  pure.  "  There  is  iu  Switzerland  a  chemist  named 
Cretni us  who  has  composed  the  salt  admirably,  but  unfortunately  he  will 
not  impart  his  secret  to  any  one.  This  is  the  more  vexatious,  because  the 
salt  he  is  proprietor  of  is  infinitely  finer  than  the  others ;  it  is  whiter, 
sweeter,  and  dissolves  better  on  the  tongue."  The  method  used  in  the 
time  of  Vullyanoz  was  simple  evaporation,  but  he  complains  that  the 
product  was  often  'sour,'  and  was  not  the  same  as  the  Swiss  sugar. 
Vullyanoz  established  the  fact  that  all  herbivorous  animals,  as  well  as 
women,  gave  sugar  of  milk  ;  he  also  investigated  the  solubility,  and  found 
it  insoluble  in  hot  alcohol,  in  spirits  of  ammonia,  and  in  very  pure  aqua 
fortis,  etc  Noticing  that  it  effervesced  with  nitric  acid,  he  made  experi- 
ments which  proved  it  to  be  a  neutral  salt,  and  thence  drew  an  analogy 
between  milk-sugar  and  soap,  concluding  that  the  latter  contained  an  oil 
and  also  an  acid,  that  it  could  be  fermented,  and  that  on  distillation  it 
yielded  an  acid,  and  was  decomposed  by  sulphuric  acid.2 

§  108.  The  next  important  paper  on  milk  in  order  of  time,  is  that  of 
Voltelenus,8  important  because  his  experiments  were  quantitative.  He 
took  42  ozb.  of  cows'  milk  and  distilled  it.  The  process  was  conducted 
very  carefully,  and  occupied  many  days,  and,  as  may  be  expected,  was 
very  troublesome,  from  the  irregular  bursts  of  ebullition.  By  the  fifth  day 
he  obtained  29  ozs.  of  distillate  '  Aqua  Lactis  Dettiflata ' ;  in  other  words, 
his  determination  of  water  was  69  per  cent.,  much  below  the  truth.  The 
residue  in  the  retort  weighed  2  ozs.  3  dims.,  and  effervesced  with  alkalies. 
He  now  increased  the  fire,  and  obtained  an  unctuous  oil,  weighing  14  drms., 
mixed  with  what  he  calls  an  oily  spirituous  matter,  acid,  acrid,  and  like 
the  spirit  from  guaiacum  wood.  The  carbon  in  the  retort  weighed  10  drms., 
but  on  burning  to  an  ash  it  weighed  3.  The  ash,  boiled  with  water,  left  2 
drms.  insoluble.  In  other  words,  he  determined  the  ash  to  be  '89  per  cent,  and 
the  soluble  portion  '31  per  cent.  Hence,  Voltelenus  most  certainly  made  a 
correct  determination  of  the  amount  of  saline  matters  in  milk,  and  was 
probably  the  first  who  did  so.  Voltelenus  next  made  a  similar  experiment 
with  women's  milk,  taking  32  ozs.,  from  which,  in  thirteen  days,  he  had 
distilled  over  31  ozs.  6  drms.  of  odourless  liquid.  Here,  unfortunately,  his 
retort  broke ;  but  he  concluded  that  human  milk  is  resolved  by  fire  into  much 
water  and  spirit ;  a  double  oil,  a  double  salt,  fixed  and  warm  alkali  and  earth, 
to  which  may  be  added  a  '  spiritus  sui  generis, '  He  refers  to  sugar  of  milk,  and 

1  "  Sur  le  eel  essentiel  de  Lait.w  Par  M.  Vullyanoz,  Docteur  en  Mldecine  a  Lausanne. 
"  Recueil  Periodique,  Observations  de  M&lecine,  Chirurgie,  Phannacie,"  etc  Par  M. 
Vandermonde,  1756. 

2  Subsequent  to  the  work  of  Vullyanoz  appeared  a  treatise  on  milk-sugar,  "  Abhandlung 
voni  Milch-Zucker,"  Braunschweig,  1772,  by  G.  R.  Lichenstein,  who  considered  it  an 
earthysalt,  and  called  it  terra-oleasum  sal  rnediam. 

2  Floris  Jaoobi  Voltilenii:  De  Lade  Humano  ej usque  cum  Asino  ti  Ovillo  Com- 
paratione,  etc    Lipsie,  1779. 
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affirms  that  he  has  separated  a  similar  substance  from  human  milk.  The  same 
process  was  applied  to  asses'  milk,  32  ozs.  being  distilled  over  a  sand-bath  in 
three  days.  On  the  first  day  a  lactescent  distillate  came  over,  in  quantity 
amounting  to  1  oz.  17  drms.  1  scr. ;  on  the  second  day,  a  more  limpid 
liquid,  amounting  to  19  ozs.  4  drms. ;  and  on  the  third  day  there  came 
over  6  ozs.  1  drm.  1  scr.  of  a  feebly  acid  liquid ;  by  the  fourth  day  he  had 
to  increase  the  heat,  and  obtained  a  black  opaque  oil,  which  separated  on 
standing  into  three  parts — a  thick  substance,  a  thinner,  and  what  he  calls 
a  spirit.  The  carbon  in  the  retort  was  weighed  and  then  burnt.  The  ash 
weighed  3  drms.,  and  on  lixiviation  the  insoluble  portion  weighed  2  drms. 
1  scr.  He  made  precisely  similar  experiments  on  the  milk  of  the  sheep — 
identified  salt,  determined  the  amount  of  ash,  etc.  Ho  thus  came  to  the 
conclusion  that  all  milk  had  the  same  constituents. 

§  109.  Schoepff,  in  a  very  learned  paper,1  containing  full  references  to  the 
works  of  his  predecessors,  was  the  first  who  noticed  the  yellow  colour  of  the 
whey — '  liquidem  colore  diluti  citrinum.'  He  crystallised  milk-sugar,  and 
determined  its  amount  with  fair  accuracy ;  but  did  not  know  exactly  what 
it  was,  for  the  crystals  were  of  a  yellow  colour,  and  reddened  syrup  of 
violets ;  hence  they  were  probably  contaminated  with  lactic  acid  and  ' 
colouring-matter. 2  One  of  the  last  workers  on  the  chemistry  of  milk,  prior 
to  the  nineteenth  century,  was  Scheele,  who  discovered  lactic  acid,  and 
established  that  phosphate  of  lime  was  always  preseut  in  the  casein.  He 
considered,  in  fact,  that  the  casein  formed  with  lime  a  true  combination, 
the  proportion  between  the  two  being  from  1  to  1  *5  per  cent,  of  calcium 
phosphate  to  every  100  parts  of  dried  casein.3  Experiments  similar  to 
those  recorded  were  undertaken  by  Hoffman,  who  determined  the  total 
solids  of  cows'  milk  to  be  13*5  per  cent.;  of  asses,  9*5;  goats  about  10 
per  cent. ;  and  of  human,  9.  He  exhausted  the  total  solids  by  water,  and 
evaporated  and  weighed  the  soluble  matter  thus  extracted,  but  no  accurate 
result  followed ;  and,  indeed,  it  is  very  difficult  to  dissolve  out  milk-sugar  and 
salts  fully  from  the  milk  solids,  unless  they  have  been  previously  deprived 
of  their  fat.  Caspar  Neumann  repeated  and  enlarged  the  experiments  of 
Hoffman  ;  he  made  out  that  cows'  milk  contained  14  per  cent,  of  total 
solids,  and  he  also  distilled  milk  as  well  as  butter.  From  1G  ozs.  of  fresh 
butter,  distilled  in  a  retort,  at  first  over  a  sand-bath,  and  afterwards  over 
an  open  fire,  there  arose  1  oz.  of  liquor  of  110  remarkable  smell  or  taste ;  1 
oz.  and  half  a  drm.  of  a  reddish  acidulous  liquor,  which  smelt  like  burnt 
butter ;  1  drm.  of  a  brownish-yellow  oil ;  3  ozs.  3  drms.  of  a  yellow  oil ;  1 
oz.  6  drms.  of  a  white,  and  5  J  drms.  of  a  yellowish -brown  oil — all  of  a 
thick  butyraceous  consistence,  and  a  volatile  smell  like  that  of  horse-radish  ; 
and  1  oz.  6  drms.  of  a  thin  empyreumatic  oil,  which  smelt  like  the  Oleum 
philosophoram,  that  is,  old  olive  oil  distilled  over  from  bricks  There  was 
not  the  least  mark  of  any  volatile  alkali  in  the  whole  process.  The  rapid 
mortuum  weighed  3i  drms.4 

1  Specimen  Inaugurale  Ghemico-nwdicum  de  Variis  Lactis  Buhuli  Salibus  aliUquc 
Substantias  in  ejusdcm  jxirte  Aquosa  Contentis,  etc.    Ludovicus  Augustus  Schoepff,  178 1. 

2  Previous  to  Schoepff,  Beaume*  appears  to  have  made  an  accurate  determination  of 
the  amount  of  salt  in  milk,  saying  that  the  third  eva juration  yielded  crystals  of  sea  salt, 
in  the  proportion  of  7  to  8  grains  per  pint  Beaumd:  Diet,  de  Chimie,  ii.,  1778,  498. 
Rouellium  denied  that  the  crystals  were  those  of  sea-salt,  but  considered  them  "salis 
febrifugi  sylvii. " 

*  De  Lacte  ej  usque  Adda :  Nova  Acta  Acad.  Beg.  Sued.  Anni  1780 ;  Opuscula 
Chemica.,  vol.  ii.,  pp.  101-118. 

4  "The  Chemical  Works  of  Caspar  Neumann,"  abridged  and  methodised,  by  Wm. 
Lewis.    Lond.  1778. 
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FOOD*  :  THEIR  COMPOSITION  AXI>  AXALYSI.3.     [j  110. 


Tin  Composition  of  Cows'  Milk. 

|  ]  JO.  f*p  to  the  present  time  the  milk  of  the  mammalia  alone  has  been 
fall j  %t*\j&A.  This  has  been  found  to  consist  of  water,  a  peculiar  soigar, 
*)bairjiriOTi«  bodie*,  a  small  amount  of  (saline  matter,  and  an  emulsified  fat. 
The  milk  of  every  clam  of  animal*  ha*  not,  however,  jet  been  examined 
completely;  and  although  it  may  be  presumed,  on  physiological  grounds, 
that  all  milks  contain  qualitatively  identical  or  analogous  ingredients  to 
those  of  the  cow,  yet  this  has  been  by  no  means  proved.  Cows'  milk  may 
be  considered  first,  as  its  composition  is  more  completely  known1  than 
that  of  any  other  milk.* 

Cows'  milk  consists  of  matters  partly  in  solution,3  and  partly  in  sus- 
pension ;  sugar  of  milk,  casein,  peptones,  lactochrome,  saline  matters, 
and  minute  quantities  of  several  other  substances  are  dissolved  in  water, 
whilst  milk-fat  is  apparently  emulsified,  and  a  portion  of  the  casein  is  in 
the  form  of  extremely  fine  granules,  which  can  only  be  arrested  by 
filtration  through  porous  earthenware,  or  a  similar  filtering  medium. 
When  a  very  thin  layer  of  healthy  milk  is  examined  by  a  microscope,  the 
milk-fat  alone  is  visible,  and  apijcars  in  the  form  of  innumerable  globules, 
the  number  of  globules  depending  on  its  richness  in  fat.  Thus  M.  £. 
Bouchut  found  in  different  samples  of  milk  the  following  varying 
numbers : — 


Ololnilos  In  a  cubl<-  millimetre. 

Hpeclflo  gravity. 

Fat  i  er  litre. 

1102500 

1022 

24 

1820000 

1021 

21 

1920f>00 

1030 

26 

2105000 

1028 

29 

2205000 

1032 

37 

2405000 

1028 

29 

2205000 

1032 

37 

2400000 

1030 

37 

2407000 

1033 

34 

261*2000 

1030 

29 

3700000 

1030 

34 

It  would  bunco  appear  that  good  milk  contains  from  about  two  to  three 
and  a  half  millions  of  globules  in  every  cubic  millimetre.  It  has  hitherto 
boon  taught  that  the  globules  are  surrounded  by  a  thin  pellicle  or 
membrane,  and,  us  a  proof  of  the  existence  of  this  membrane,  the  fact  is 
usually  cited  that,  if  you  shako  up  milk  with  ether,  scarcely  any  of  the  fat 
dissolves  unless  a  little  acetic  acid  is  first  added,  which  is  supposed  to  act 
by  dissolving  the  hypothetical  membrane ;  but  it  may  be  shown  that  the 
fat  can  be  extracted  from  milk  by  shaking  with  ether,  provided  that  the 
volume  of  other  to  that  of  the  milk  be  excessive.  Further,  the  globules 
are  coloured  by  aniline  red,4  and  their  behaviour  with  moderate  quantities 
of  ether  may  be  ascribed  to  the  acids  destroying  the  emulsifying  property 

1  The  milk  of  the  buffalo  (Bos  bubalus)  has,  however,  been  investigated  somewhat 
minutely  by  A.  Papj>el  and  H.  Droop  Richmond,  Jounu  Chan.  Soct  ML,  p.  752. 

*  The  chemistry  of  the  milk-secreting  glands  has  scarcely  Wen  investigated.  Bert 
(Oast,  htbdom.,  1879,  N.  12)  states  that  the  gland  contains  a  jieculiar  body  which  easily 
split*  up  with  the  production  of  a  sugar  by  boiling  with  dilute  sulphuric  acid,  or  even 
•imply  with  water. 

1  The  specific  gravity  of  the  whev  of  milk  is  from  1'0280  to  1*0302  at  15* '5  (Victk)* 
«  DeSinety:  Arch,  dc  Physiol. /l87 4 ,  497. 
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of  the  milk.  Nor  can  one  understand,  on  the  '  membrane '  theory,  how — 
when  milk  in  thin  layers  is  dried  at  the  ordinary  temperature  of  the  air, 
and  under  conditions  which  involve  no  destruction  of  the  membrane, 
should  this  exist — to  account  for  the  fact  that  ether  so  readily  dissolves 
the  butter  fat.  Hoppe-Seyler 1  has  indeed,  by  estimation  of  the  proportion 
existing  between  the  water  and  casein  in  cream,  considered  that  a  casein 
layer  exists  round  fat  globules;  yet  this  must  be  so  thin  as  not  to  be 
capable  of  estimation  by  weight.  From  these  various  facts  the  existence 
of  the  membrane  is  still  doubtful. 

§111.  Amphioteric  Reaction  of  Milk. — Milk  when  tested  immediately 
after  its  removal  from  the  cow,  has  a  peculiar  action  on  litmus  and 
turmeric  paper,  turning  litmus  blue  and  turmeric  brown, — the  so-called 
'Amphioteric  Reaction'  On  this  point  alone,  although  of  no  great  im- 
portance, there  is  a  moat  voluminous  literature.2  The  amphioteric  reaction 
of  milk  is  similar  to  that  shown  by  a  solution  of  niagncsium-hydric  phos- 
phate to  which  a  little  acid  has  been  added,  and  is  probably  due  to  the 
acid  phosphate  of  the  alkalies  existing  in  milk.  It  must  also  not  be  lost 
sight  of,  that  there  is  a  continuous  development  of  C02  in  milk,  which 
gas  in  solution  is  always  present ;  and  this  being  the  case,  its  feeble  acid 
reaction  must  have  an  influence  on  the  total  reaction  derived  from  other 
substances.  Milk  ultimately  becomes  decidedly  acid,  and  has  a  constant 
tendency  to  acidity.8 

§  112.  Total  Solids  of  Milk. — The  amount  of  solid  matter  in  milk 
varies  within  considerable  limits,  and  is  much  influenced  by  all  circum- 
stances that  affect  the  health  and  nutrition  of  the  cow,  certain  cows 
secreting  double  and  treble  the  uormal  amount  of  fat.  The  remark  just 
made  refers  to  the  entire  residue  minus  the  water ;  but  if  we  subtract  the 
water  as  well  as  the  fat,  then  the  percentage  of  solid  matter  varies  but 
little,  and  in  healthy,  fairly-fed  cows  does  not,  save  in  exceptional  cases, 
fall  below  8 '5  per  cent.  This  very  important  fact,  formerly  much  disputed, 
has  been  (or  ought  to  have  been)  set  at  rest  by  the  results  obtained  in  the 
experiments  of  so  many  chemists,  that  it  is  scarcely  worth  while  reviewing 
the  evidence  on  which  it  is  based.  The  numerous  analyses  of  Wanklyn, 
Carter  Bell,  Vieth,  and  others  tend  rather  to  show  that  the  true  lowest 
percentage  of  milk  solids,  minus  fat  and  water,  is  8*9  per  cent.  The 
highest  amount  of  the  same  solids  which  the  authors  have  yet  found  in 
the  secretion  from  healthy  animals  reaches  to  about  11  per  cent.,  so  that 
at  most  there  is  an  extreme  fluctuation  between  8*5  and  11  per  cent. — a 
remarkable  fact,  which  a  priori  would  have  been  pronounced  improbable, 
considering  the  complex  nature  of  milk. 

§  113.  Milk-Fat — Pure  dry  milk-fat  is  at  ordinary  temperatures  a 
solid  fatty  substance,  with  an  agreeable  taste,  of  specific  gravity  '9223  to 
•9377  at  15°  C,  -91200  to  '91400  at  37°*7  C.  [100°  Fahr.];  its  melting 
point  is  35°*8  C.  Milk-fat,  under  the  form  of  butter,  is  constantly  tinted 
more  or  less  yellow  from  dissolved  lactochrome ;  but  it  may,  by  the  use  of 
suitable  solvents,  be  obtained  almost  colourless. 

1  Archivfiir  jxith.  Anatom.,  Ixl.  xvij.,  s.  417,  1859. 

3  e.g.t  Kritisches  u.  Thatsachliches  Uber  die  Reaction  der  frischen  Milch,  by 
J.  Schlossberger,  Annal,  dtr  Chem.  u.  Pharm.,  lxxxvii.,  317,  1852  ;  Idem.,  xcvi.,  76. 
Also  a  paper  bv  Vogel,  Journ.  fur  prakt.  Chem.,  1874,  viii.,  137,  "Ueber  das  Ver- 
nal ten  der  Milch  znm  Lackmus  Farbstoffe." 

3  According  to  C.  Arnold,  Arch.  Pliarm.  [3],  xix.,  41,  42,  fresh  unboiled  milk  gives  a 
blue  colour  to  tincture  of  guaiacum ;  sour  milk  gives  the  same  reaction,  but  not  milk 
which  has  been  boiled. 


196 


foods:  their  composition  and  analysis.   [§  114. 


According  to  Wigner,  from  1000  volumes  pure  fat  expands  at  37°*7  C. 
[100°  Fahr.]  to  1,047-2  at  100°  C.  [212°  Fahr.  J,  its  average  expansion  being 
•00076  for  every  degree  Centigrade.1  This  is,  however,  not  perfectly 
accurate  for  the  degrees  between  65°'5  C.  [150°  Fahr.]  and  87°'7  C. 
f  190°  Fahr.],  the  expansion  being  slightly  in  excess  of  the  average  rate ; 
but  the  abnormal  deviation  between  these  degrees  does  not  appear  to  be 
peculiar  to  milk-fat.2  1  grm.  of  the  fat  requires  for  saturation  227*3 
mgrms.  of  potassium  hydrate  (KHO).  This  observation  (originating  with 
Dr.  Koettstorfer  8)  has  been  utilised  by  the  food-analyst  in  the  distinguish- 
ing between  butter  and  other  fats. 

§  114.  Milk-fat  is  essentially  an  intimate  mixture  of  the  glycerides  of 
the  fatty  acids — palmitic,  stearic,  and  oleic — not  soluble  in  water,  and  also 
of  the  glycerides  of  certain  soluble  volatile  fatty  acids,  of  which  butyric  is 
the  chief,  and  caproic,  caprylic,  and  capric  acids  minor  constituents. 

Palmitin,  or  Tripalmitin,  C3H5(C16H3102)3,  is  a  white  solid  fat,  little 
soluble  in  cold,  but  readily  soluble  in  hot  alcohol  or  ether.  A  mixture  of 
stearin  and  palmitiu  crystallises  in  little  needle-like  tufts,  and  was  at  one 
time  considered  a  definite  single  fat,  and  called  margarin.  On  saponifying 
palmitin  by  means  of  au  alkali  and  subsequent  decomposition,  it  yields 
glycerin,  and  95*28  per  cent,  of  its  weight  of  palmitic  acid. 

Palmitic  Acid  (C16Hw02)  has  a  melting  point  of  about  62°  C.  It  may 
be  obtained  in  quautity  from  palm  oil,  and  also  from  the  saponification  of 
spermaceti.  When  purified  by  repeated  crystallisation  from  alcohol,  it  is 
a  tasteless  white  fat,  crystallising  in  tufts  of  needles. 

Stearin,  or  Tristearin,  CjH^C^H^Oo)^  is  a  white  solid  fat,  melting  at 
about  66°  C,  and  is  a  special  constituent  of  fats  with  high  melting  points. 
On  saponification  and  subsequent  decomposition  of  the  soap  by  a  suitable 
acid,  95*73  per  cent,  of  stearic  acid  may  be  obtained. 

Stearic  Acid,  CjgH^Og. — This  acid  is  to  be  found  in  nearly  all  animal 
fats  as  well  as  in  a  few  vegetable  fats.  Stearic  acid  is  an  article  of 
commerce,  and  made  upon  a  large  scale,  especially  in  the  manufacture  of 
stearin  candles.  For  this  purpose,  animal  fats  are  saponified  by  hydrate 
of  lime ;  the  lime  compound  is  subsequently  decomposed  by  dilute  sulphuric 
acid,  and  the  mixture  of  oleic,  palmitic,  and  stearic  acids  submitted  to 
strong  pressure ;  by  this  means,  the  oleic  acid  is  separated,  and  a  mixture 
of  palmitic  and  stearic  acids  obtained,  which  in  commerce  is  known  as 
stearin.  From  this  commercial  stearin,  stearic  acid  may  be  obtained  by 
solution  in  alcohol  and  fractional  precipitation  by  acetate  of  lead  or  barium, 
the  stearate  of  lead  or  barium,  as  the  case  may  be,  separating  before  the 
palmitate.  On  decomposing  the  salt  with  sulphuric  acid,  and  dissolving 
the  acid  in  boiling  alcohol,  stearic  acid  crystallises,  as  the  solution  cools, 
in  white  glistening  needles  or  leaflets,  which  appear  under  the  microscope 
as  elongated  lozenge  plates.  The  melting  point  of  stearic  acid  is  69° *4  C. 
If  impure,  it  crystallises  in  needles.  It  is  without  odour  or  taste,  does  not 
feel  greasy  to  the  touch,  and  dissolves  in  all  proportions  in  boiling  alcohol 
or  ether,  from  which  it  separates  on  cooling. 

Olein,  or  Triolein,  CJBi9{ClfinOi)9. — Over  40  per  cent,  of  milk-fat  con- 
sists of  olein,  which  is  a  combination  of  oleic  acid  with  glycerin,  and  is  at  all 

1  Allen  gives  the  difference  as  -00062. 

1  On  the  Ratio  of  Expansion  by  Heat  of  Butter-fat,  by  G.  W.  Wigner,  F.C.S., 
^«ol£t,  No.  43,  p.  183. 

•  Hew  Method  for  the  Examination  of  Batter  for  Foreign  Fats,  by  Dr.  Koettstorfer, 
V*,  No.  89,  1879,  p.  106. 
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ordinary  temperatures  a  fluid  oil,  solidifying  about  5°  C,  at  first  colourless, 
but  soon  becoming  yellow  from  absorption  of  oxygen.  It  has  the  power  of 
readily  and  copiously  dissolving  palmitin  and  stearin,  and  is  soluble  in 
absolute  alcohol  or  ether.  On  decomposition,  olein  yields  95*70  per  cent, 
of  oleic  acid,  C^H^Oo. 

Pure  oleic  acid  is  difficult  to  obtain,  since  it  so  readily  oxidises.  When 
perfectly  pure,  it  is  without  colour,  taste,  or  smell,  and  has  all  the  appear- 
ance of  a  colourless  oil ;  at  a  low  temperature  (4n  C),  it  crystallises  in 
needles ;  on  destructive  distillation,  among  a  variety  of  gaseous  and  liquid 
products,  it  yields  an  acid  known  as  sebacic  acid  (Cl0HlftO4),  which  is  a  con- 
stant product  when  any  oil  containing  oleic  acid  is  destructively  distilled. 
Oleic  acid  forms  two  classes  of  salts,  normal  and  acid.  The  normal  oleates 
of  the  alkalies  are  soluble  in  water,  but  the  other  salts  of  oleic  acid  are 
insoluble  in  water,  no  exception  being  found  even  in  the  case  of  the  acid 
salts  of  the  alkalies.  The  oleates  of  lead  and  copper  are  soluble  in  ether, 
as  well  as  in  cold  anhydrous  alcohol.  The  analyst  takes  advantage  of  this 
fact  to  separate  the  oleates  of  lead  and  copper  from  the  stearates  and 
palmitates,  which  are  insoluble  in  ether. 

Butyrin,  Caproin,  Caprylin  and  Rutylin  have  not  yet  been  separated  in 
a  pure  state ;  they  yield  on  saponification  butyric,  caproic,  caprylic,  and 
ratio  acids  respectively. 

Butyric  Acid,  QJH%QT — There  are  two  butyric  acids,  one,  normal  butyric 
acid,  C?H7COOH,  boiling  point  163°-4  0.,  specific  gravity  -9817  at  0°;  the 
other,  isobutyric  acid,  C(CH-)2H.COOH,  boiling  point  154°  C,  specific 
gravity  '8598  at  0°  C.  The  latter  has  a  less  offensive  odour  than  normal 
butyric  acid.  Butyric  acid  is  found  in  several  plants,  such  as  the  locust 
bean,  the  fruits  of  the  Sapindus  saponarut,  in  the  Tamarindus  indica,  the 
Anthemis  nobilis,  the  Taryicetum  vuhjare,  Arnica  montana,  the  fruit  of  the 
Oingko  biloba,  and  probably  several  other  plants.  Butyric  acid  is  the 
characteristic  fatty  acid  of  butter,  and  butter  fat  contains  from  3  to  4  per 
cent,  of  it.  Butyric  acid  is  volatile,  and  may  be  distilled  unchanged ;  it 
is  also  soluble  in  all  proportions  in  water,  alcohol,  and  ether.  Most  of  the 
salts  are  soluble  :  baric  butyrate  crystallises  in  long  prisms  with  four  atoms 
of  water ;  zincic  butyrate  in  anhydrous  pearly  tables,  which  are  remarkably 
soluble  ;  cupric  butyrate  is  bluish-green,  and  but  sparingly  soluble.  Calcic 
butyrate  is  a  very  characteristic  salt,  for  it  is  more  soluble  in  cold  than  in 
boiling  water,  consequently,  when  a  solution  is  lx)iled  some  of  the  salt  is 
precipitated.  The  most  characteristic  reaction  of  butyric  acid  is  its  easy 
ctherification  by  treatment  with  sulphuric  acid  and  alcohol.  In  this  way  is 
formed  butyric  ether,  which  has  a  powerful  smell  resembling  that  of  pine- 
apples.   Its  specific  gravity  is  *902,  and  boiling  point  119°  C. 

Caproic  Acid,  Cf.H1202. — There  are  two  caproic  acids,  the  one,  normal 
caproic  acid,  C6HuCOOII,  boiling  point  205°  C.  ;  the  other,  isocaproic  acid, 
C8(CHg)2H5COOH,  boiling  point  199°  to  200°  C.  Caproic  acid  occurs  in  a 
very  large  number  of  plants,  and  has  been  found  in  human  perspiration 
and  in  cheese.  It  is  almost  insoluble  in  water,  is  volatile,  and  may  be 
distilled  unchanged.  The  caproate  of  silver  is  in  large  thin  plates,  almost 
insoluble  in  water,  and  but  slightly  sensitive  to  light.  The  caproate  of 
barium  is  soluble. 

Caprylic  Acid,  C8H1602 — fusing  point  58°  C,  boiling  point  236°  C. 
The  amount  of  caprylic  acid  in  butter  is  very  small.  It  is  slightly  soluble 
in  boiling  water. 

Rutic  Acid,  C^H^O^ — A  white  crystalline  solid,  fusing  about  29°*5  C* 
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This  acid,  in  combination  with  glycerin,  also  occurs  in  very  minute  quantity 
in  milk-fat.    It  is  even  less  soluble  than  caprylic  acid. 

§  115.  The  AlbnminrA'U  of  Milk. — The  albuminoids  of  milk  comprise 
at  least  three  principles, — viz.,  casein,  albumen,  and  nuclein.  To  these  a 
fourth  substance  used  to  be  added — viz.,  lacto-protein ;  but  this,  as  the 
authors  have  shown,1  is  not  a  simple  substance,  and  it  is  probable  that  it 
is  a  mixture  of  peptones.  Casein  appears  but  little,  if  at  all,  different  from 
alkali-albuminate,  the  minor  differences  which  exist  being,  with  probability, 
ascribed  to  impurities.  It  is  true  that  when  milk  is  filtered  through  a 
porous  cell,  casein,  for  the  most  part,  is  left  behind  ;  while,  if  a  solution  of 
alkali-albuminate  is  similarly  treated,  it  passes  througk  Experiment  has, 
however,  shown  that  a  solutiou  of  alkali-albuminate  shaken  up  with 
butter  fat  behaves  exactly  like  casein ;  and  similarly,  Soxhlet  has  proved 
that  a  concentrated  solution  of  sodic  carbonate  precipitates  both  casein 
and  alkali-albuminate,  provided  they  are  under  the  same  conditions, 
and  that  it  does  not  (as  asserted  by  Zahn)  leave  alkali-albuminate  in 
solution.2 

Hoppe-Seyler 3  does  not  adopt  altogether  this  view ;  for  although  he 
states  that  without  doubt  no  other  albuminoid,  in  its  properties,  stands  so 
near  casein  as  alkali-albuminate,  yet  the  notable  difference  in  its  power  of 
rotating  a  ray  of  polarised  light,  and  its  behaviour  to  rennet,  separates 
casein  as  a  distinct  substance.  The  casein  of  either  cows'  or  goats'  milk, 
not  only  in  acid  fluids,  but  in  perfectly  neutral  solutions,  is  coagulated  by 
gastric  juice  or  a  watery  extract  of  the  stomach.  This  coagulation  takes 
place  slowly  at  common  temperatures,  rapidly  on  warming ;  and  the  cause 
of  it,  according  to  Hammersten,  is  a  body  distinct  from  pepsin.  Hammer- 
sten  finds  that  the  casein  of  cows'  milk,  in  the  absence  of  lime  salts,  is 
coagulated  by  the  addition  of  an  acid,  but  not  by  rennet.  A  solution  of 
casein  which  has  been  precipitated  by  an  acid,  run  into  lime  water 
neutralised  by  very  dilute  phosphoric  acid,  quickly  coagulates  on  the 
addition  of  rennet,  but  without  rennet  neither  on  the  addition  of  an  acid, 
nor  on  boiling.  Hammersten  considers  that  the  chemical  change  produced 
in  the  coagulation  of  casein  by  rennet,  is  the  splitting  up  of  the  casein  into 
two  bodies,  one  of  which  is  precipitated,  and  an  albuminoid,  which  remains 
in  solution,  and  is  neither  precipitated  by  boiling,  nor  by  any  of  the 
following  reagents — acetic  acid,  potassic  ferrocyanide,  or  nitric  acid ;  but 
is  precipitated  by  mercuric  chloride,  and  also  by  Millon's  reagent. 

Casein  is  precipitated  by  a  variety  of  substances — lead  acetate,  cupric 
sulphate,  alum,  mercuric  chloride,  tannic  acid,  rennet,  sulphate  of  magnesia, 
and  mineral  acids,  if  not  too  dilute ;  but  none  of  these  precipitate  casein  in 
a  pure  state,  the  precipitate  usually  containing  fat,  nuclein,  and  phosphate 
of  lime,  the  latter,  as  already  stated  (p.  193),  in  the  proportion  of  from  1  to 
1*5  per  cent,  of  casein.  The  best  precipitant  is  sulphate  of  magnesia, 
which  leaves  the  nuclein  to  a  great  extent  in  solution.  The  fat  may 
then  be  extracted  by  ether ;  but  the  phosphate  of  lime  is  in  true  combina- 
tion with  the  casein,  and  only  a  portion  of  it  can  be  removed.  A  solution 
of  casein  in  combination  with  sulphate  of  magnesia,  and  freed  from  fat, 
turns  a  ray  of  polarised  light  in  dilute  alkaline  solution,  [a]D  -  87° ;  in 
strong  alkaline  solution,  [a]D  -  91°.    Pure  casein  is  a  perfectly  white, 

1  Composition  of  Cows'  Milk  in  Health  and  Disease,  Joum.  Chcrn.  Soc.t  1879. 
1  Beitrojge  zur  physiologischen  Chemie  der  Milch,  by  Dr.  F.  Soxhlet    Journal  /Ur 
prakUaehe  Chemie,  vol.  vi.,  p.  1,  1872. 

•  Hoppe-Seyler,  PhyriologUche  Chemie,  p.  930. 
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brittle,  transparent  substance,  insoluble  in  water,  but  soluble  in  very  dilute 
aeid  solution,  as  well  as  in  very  dilute  alkaline  solution ;  in  each  case  there 
is  little  doubt  that  a  true  chemical  combination  is  formed.  The  presence 
of  phosphate  of  soda  in  a  solution  of  casein  (a*,  for  example,  in  the  milk 
itself),  prevents  the  precipitation  by  simple  neutralisation  by  an  acid,  the 
casein  not  falling  down  until  the  acidity  of  the  liquid  is  decided.  It  has 
been  shown  by  Schutzenberger  that,  on  sealing  up  casein  in  a  tube  and 
heating  with  baryta  water,  it  behaves  like  albumen,  and  is  resolved  into 
the  following  substances : — The  elements  of  urea  (ammonia  and  carbon 
dioxide)  traces  of  sulphurous  acid,  of  sulphuretted  hydrogen,  of  oxalic  and 
acetic  acids,  tyrosin,  C9HnN03,  the  amido-acids  of  the  series  CnrI2n+1N02, 
corresponding  to  the  fatty  acids,  CnH^O^,  from  amido-conanthylic  acid  to 
amido-propionic  acid — leucin,  CflH18NOo,  betain,  C6H1}N02,  and  amido- 
butyric  acid,  C4H9NO.„  with  a  few  less  known  or  identified  products. 
Many  of  these  substances  may  be  identified  in  putrid  milk. 

The  amount  of  casein  in  milk  is  fairly  constant,  being  about  3*0  per 
cent. ;  and  the  authors  have  never  known  it  exceed  5  per  cent. 

Serum-albumen  occurs  in  milk,  in  no  respect  differing  from  the  albumen 
of  the  blood.  By  careful  addition  of  an  alkali,  this  albumen  may  be 
changed  into  alkali-albuminate — that  is,  into  casein ;  therefore,  according 
to  this  view,  the  albumen  in  milk  may  be  considered  the  residue  of  an 
incomplete  reaction.  Albumen  is  not  precipitated  by  acetic,  carbonic, 
phosphoric,  or  tartaric  acids.  A  small  quantity  of  a  dilute  mineral  acid 
does  not  precipitate  ;  with  a  larger  quantity  of  concentrated  mineral  acid 
the  solution  becomes  turbid,  and  the  deviation  of  a  ray  of  polarised  light 
increased ;  a  still  larger  quantity  of  acid  precipitates  it  as  acid  albumen. 
The  best  method  to  obtain  a  solution  of  pure  albumen  is  to  precipitate  a 
solution  by  basic  acetate  of  lead,  pass  carl>on  dioxide  through  the  mixture, 
separate  the  carbonate  of  lead  by  filtration,  and,  lastly,  pass  through  it 
hydric  sulphide,  to  remove  the  trace  of  lead  still  existing.  Albumen  is 
then  in  solution,  but  on  adding  a  little  acetic  acid,  and  evaporating,  it 
may  be  obtained  in  the  solid  state  contaminated  slightly  with  acetic 
acid.1 

Another  method  of  obtaining  albumen  pure  is  by  dialysis.  The 
physical  characters  of  solid  albumen  differ  according  to  the  method  of 
separation.  Albumen  obtained  by  dialysis  is  in  the  form  of  a  yellow 
transparent  mass,  specific  gravity  1*314;  but  albumen  separated  in  the 
ordinary  way  from  milk,  for  the  purpose  of  quantitative  determination,  is 
in  yellowish  flakes,  brittle,  without  taste  or  smell,  insoluble  in  water, 
alcohol,  and  ether,  soluble  in  dilute  caustic  alkali,  if  gently  warmed,  and 
from  this  alkaline  solution  precipitable  by  an  acid.  The  amount  of 
albumen  in  milk  is  really  fairly  constant,  and  averages  *4  per  cent. 
In  healthy  cows  it  is  a  very  constant  quantity,  the  chief  deviation 
occurring  directly  after  calving,  when  the  amount  may  rise  as  high  as  3 
per  cent.,  but  this  is  always  accompanied  by  a  corresponding  rise  in  the 
casein.  According  to  the  authors*  experience,  the  albumen  preserves 
very  constantly  the  above  relation  to  the  casein;  so  that  if  either  the 
amount  of  casein  or  albumen  is  known,  the  one  may  be  calculated  from 
the  other  with  great  accuracy. 

1  Meggeiihofen  appears  to  have  been  one  of  the  first  who  detected  the  presence  of 
albumen  m  milk,  lie  estimated  the  amount  in  cows'  milk  as  "59  per  cent  Dissertatio 
Inaw/uralis  sistens  indayaticmem  LacJis  MuHcbris  Chcmicam,  C.  Aug.  Meggenhofen. 
Frankfort,  1826. 
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Nuclein. — Nuclein  is  the  organic  phosphorus  compound  of  milk, 
containing,  according  to  Miescher,  9*6  per  cent,  of  phosphorus.  Its 
formula  is  C29H4WN9P6022.  It  is  by  no  means  peculiar  to  milk,  but  has 
been  found  in  the  blood,  in  pus,  in  the  yolk  of  eggs,  in  the  liver  cells,  and 
in  yeast  cells.  When  freshly  precipitated,  it  is  a  white  amorphous  body, 
somewhat  soluble  in  water ;  freely  soluble  in  ammonia,  soda  solution,  and 
phosphate  of  soda.  The  special  test  distinguishing  nuclein  from  other 
albuminoids  is  the  presence  of  phosphorus,  and  the  production  of  no  violet 
colour,  either  by  Millon's  reagent,  or  by  a  copper  salt,  added  to  a  solution 
of  nuclein  alkalised  by  soda  lye :  it  forms  a  very  definite  compound  with 
lead,  the  lead  and  phosphorus  being  in  the  proportion  of  Pb  to  P. 

The  method  adopted  by  Hoppe-Seyler 1  to  serrate  nuclein  from  pus,  was  isolation  of 
the  pus  cells  by  Glauber's  salts,  washing  with  very  dilute  hydrochloric  acid  and  much 
water ;  then  extracting  the  nuclein  by  the  aid  of  a  very  weak  alkaline  solution  of  caustic 
soda,  and  filtering  (which  in  this  case  proves  a  troublesome  operation),  and  precipitating 
by  a  mineral  acid.  The  precipitate  is  again  dissolved  in  weak  alkaline  solution,  and 
again  precipitated,  and  the  process  repeated  until  the  nuclein  is  supposed  to  be  in  a> 
fairly  pure  condition.  Nuclein  may  be  separated  from  milk  on  the  same  principles,  first 
exhausting  the  solids  by  alcohol  and  ether  to  remove  fat. 

§  116.  Milk-Sugar,  C^H^OnHoO.—  Milk-sugar,  so  far  as  is  known,  is- 
only  found  in  human  milk,  the  milt  of  the  herbivora,  and  of  the  bitch.  It 
is  easily  distinguished  from  other  sugars ;  its  specific  gravity  is  1  '53 ;  and  its 
solution  turns  a  ray  of  polarised  light  to  the  right  at  20°  C.  [d\D*=*  +  52*53% 
but  with  anhydrous  milk-sugar  [a]D=  +55*3°. 

The  separate  researches  of  Erdmann2  and  Schmoeger3  have  shown  the  existence  of 
four  modifications  of  milk-sugar,  exhibiting  a  different  rotation  to  normal  sugar,  viz. : — 
1.  Crystallised  milk-sugar  exhibiting  in  solution  strong  bi- rotation.  2.  Anhydrous  milk- 
sugar  obtained  by  dehydrating  crystallised  sugar  at  130°,  showing  in  solution  also  strong 
bi-rotation.  3.  Anhydrous  milk-sugar  obtained  by  quickly  evaporating  a  solution  of 
milk-sugar  in  the  presence  of  sand,  or  other  finely  divided  substance,  so  as  to  ensure  a 
large  surface ;  the  solution  shows  slight  bi-rotation.  4.  Anhydrous  milk-sugar  evaporated 
down  from  a  solution  quickly,  but  without  the  addition  of  sand  or  other  substance.  All 
these  modifications  are  at  once  transformed  into  milk-sugar  of  normal  rotation  by  boiling 
their  solutions,  or  gradually,  without  the  application  of  heat 

Milk-sugar  is  soluble  in  six  parts  of  cold,  and  2*5  parts  of  boiling  water ; 
it  is  insoluble  in  absolute  alcohol  and  in  perfectly  dry  ether,  but  in  dilute 
alcohol  and  commercial  ether  it  is  slightly  soluble,  the  solubility  in 
amount  depending  mainly  on  the  percentage  of  water  which  the  ether  con- 
tains. At  1503  C.  it  loses  an  atom  of  water  without  further  decomposition  ; 
its  watery  solution  is  perfectly  neutral,  and  has  a  sweet  taste:  the 
sweetening  power  of  milk-sugar  as  compared  with  cane  sugar  is  but 
feeble. 

It  reduces  Fehling's  copper  solution  in  a  proportion  different  from  that 
of  grape  sugar  (see  §  141).  Milk-sugar  undergoes  lactic  fermentation 
readily  (see  §  179),  but  alcoholic  with  some  difficulty.  Milk-sugar  is  pre- 
cipitated by  acetate  of  lead  and  ammonia ;  neutral  acetate  of  lead,  even  at 
a  boiling  temperature,  neither  precipitates  nor  changes  it.  The  oxides  of 
copper,  of  bismuth,  and  silver  are  reduced  by  solutions  of  milk-sugar,  and 
indigo  is  decolorised ;  these  latter  reactions  are  similar  to  those  of  grape 
sugar.    When  oxidised  by  nitric  acid,  milk-sugar  yields  mucic  acid,  acetic 

1  Mai.  Chcm.  Untcmteh.,  Hoppe-Seyler.    Berlin,  4  Heft. 
a  Bericht  d.  d.  diem.  Gcsells,,  xiil,  2180-2184. 
*  Ibid.,  xiil,  1915-1931. 
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acid,  and  tartaric  acids,  and  on  further  decomposition  oxalic  acid  may  be 
obtained* 

By  boiling  milk-sugar  for  several  hours  with  4  parts  of  water  and  2 
per  cent  sulphuric  acid,  neutralising  with  carbonate  of  lime,  evaporating 
the  filtrate  to  a  syrup,  a  different  sugar  from  lactose  may  bo  obtained  in 
microscopical  crystals.  To  this  altered  milk-sugar,  the  name  of  galactose 
has  been  given.  Its  action  on  polarised  light  is  [aU  + 81  "4°  to  81*7°  at 
10"  to  15°  C;  it  is  a  fermentable  sugar,  and  yields,  on  oxidation  with 
nitric  acid,  twice  as  much  mucic  acid  as  milk-sugar. 

The  amount  of  milk-sugar  in  normal  milk  preserves  a  very  constant 
relation  to  the  percentage  of  proteids  and  ash,  the  ratio  according  to  Vieth 
being  13  :  9  :  2.    Richmond  gives  the  ratio  as  52*8  :  37 '8  :  8*3. 

§  117.  Mineral  Constituents  of  Milk. — The  mineral  constituents  of  milk 
have  been  fully  and  early  investigated,  and  the  following  may  be  considered 
a  very  close  approximation  to  their  actual  amouut  and  character : — 

Potassium  oxide,  K.0   18*82 

Sodium  oxide,  Na-aO   11*68 

Calcium  oxide,  CaO,   22*97 

Ferric  oxide,  Fe^O,   "06 

Chlorine,  CI   16*23 

Magnesium  oxide,  MgO   3*31 

Phosphoric  pentoxide,  Pa08   27*03 

Four  analyses  of  milk  ash  by  R.  Weber  and  Haidlen  give  the  following : — 

Minimum.  Maximum.  Mean. 

Potash,    .       .      .      .  17*09  83*25  24*67 

Soda,       .      .       .       .  8*60  11*18  9*70 

Lime,      .       .       .       .  17*31  27*55  22  0 

Magnesia,        ...  1*90  4  10  3*05 

Ferric  oxide,     ...  '83  *76  *53 

Phosphoric  acid,      .       .  27*04  29*13  28*45 

Sulphuric  acid, .       .       .  ...  ...  *30 

Chlorine,  ....  9*87  16*96  14*28 

The  chlorine  is  in  combination  with  the  alkalies,  the  iron  and  the 
earths  occur  as  phosphate,  as  well  as  the  potassium  oxide.  So  that  the 
mineral  constituents  of  cows'  milk  are,  phosphate  of  potash,  phosphate  of 
lime  and  maguesia,  common  salt,  and  a  trace  of  phosphate  of  iron.  Other 
mineral  inorganic  constituents  have  been  found  in  small  quantity.  If 
sufficient  milk  be  used,  it  is  not  difficult  to  obtain  a  fluorine  reaction,  and 
since  fluorides  form  an  essential  constituent  of  the  teeth,  it  is  easy  to  see 
their  importance.  A  minute  quantity  of  sulphuric  acid  as  sulphates  exists 
in  milk,  averaging  from  *05  to  '08  grm.  per  kilogramme ;  and  it  has  also 
been  asserted  by  G.  Musso,  that  milk  contains  a  sulpho-cyanate.  This 
assumption  was  based  on  the  following  experiment : — 15  litres  of  milk, 
freed  from  casein,  fat,  and  albumen,  were  neutralised  by  baryta  water,  and 
evaporated  to  a  syrup,  and  the  syrup  extracted  with  absolute  alcohol ;  the 
alcoholic  extract  dissolved  in  water  and  treated  with  zinc  and  sulphuric 
acid,  yielded  some  hydric  sulphide;  and  subsequent  treatment  yielded 
from  6  to  21  mgrms.  of  barium  sulphate  per  kilogramme.1  The  experiment 
appears  to  the  authors  as  hardly  conclusive  of  the  presence  of  a  sulpho- 
cyanate,  and  requires  further  investigation. 

Nadler  has  ascertained  that  neither  cows'  nor  goats'  milk  contains  any 
iodine:  he  used  for  the  research  6  litres  of  cows'  milk  and  3  of  goats* 

1  Btrv'htc  dcr  deutschen  chemisrhrn  Oc9eUsehaftt  xi.,  ]>.  154,  1878. 
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milk.1  Minute  traces  of  copper  have  been  found  in  milk ;  but  lead,  arsenic, 
and  all  other  metals,  save  iron,  are  absent. 

§  118.  Other  Constituents  of  Milk.— In  1864,  E.  Millon  and  Commaille, 
after  coagulating  and  separating  the  casein  and  albumen,  obtained  a  pre- 
cipitate from  the  yellow  whey  by  means  of  a  solution  of  mercury  nitrate. 
This  precipitate  was  white,  amorphous,  and  became  slightly  red  on  drying ; 
it  was  insoluble  in  water,  alcohol,  and  ether.  The  precipitate  was  washed 
with  water,  then  with  alcohol,  and  finally  with  ether,  and  after  drying 
weighed. 

grins. 

Cows' milk  yielded  ....       2*9  to  3'4  per  litre.*2 
Goats' milk     „  .       .       .  1*52  ,, 

Sheeps'  milk    ,   2*53  ,, 

Asses' milk      „  .       .       .  3*28  ,, 

Woman's  milk,,     .       .       .      .  277  „ 

To  this  body  they  ascribed  the  following  formula — C80H31N5O18, 
HgO  +  HgO,  N03,  and  gave  it  the  name  of  Lacto-proteine.  In  1879,  one 
of  the  authors  studied  this  body  and  decomposed  it,  and  came  to  the  con- 
clusion that  lacto-proteine,  as  a  single  definite  substance,  had  no  existence ; 
but  that  the  mercury  precipitate  was  composed  of  two  substances  to  which 
the  names  of  gcUactin  and  lactochrome  respectively  were  ascribed.  With 
these  substances  are  precipitated  small  portions  of  albumen,  which  may 
have  escaped  precipitation,  and  traces  of  urea. 

The  method  of  separation  is  as  follows :  The  casein  and  albumen  are 
separated  in  the  manner  described  in  §  142 ;  the  yellow  whey  is  then  pre- 
cipitated by  a  solution  of  nitrate  of  mercury,  of  about  the  same  strength  as 
that  used  for  estimation  of  urea ; 8  the  dense  flocculent  precipitate  is  then, 
after  suitable  washing,  suspended  in  a  very  little  water,  and  decomposed  by 
hydrogen  sulphide.  The  liquid  is  filtered,  and  to  the  filtrate  a  slight  excess 
of  acetate  of  lead  in  solution  is  added,  when  a  dirty-white  precipitate  falls, 
which  is  collected,  decomposed  by  hydrogen  sulphide,  and  recomposed  by 
acetate  of  lead  until  it  is  obtained  perfectly  white.  On  combustion,  numbers 
are  obtained  agreeing  with  the  following  formula,  1 1  (PbO)2Pb02C54Hy8N4046. 

Gralactin,  as  obtained  by  decomposing  the  lead  salt  by  hydrogen 
sulphide,  presents  the  appearance  of  a  white  (or,  if  slightly  impure,  a  fawn- 
coloured),  brittle,  neutral,  tasteless,  non-crystalline  mass,  soluble  in  water, 
insoluble  in  strong  spirit.  It  presents  some  of  the  characters  of  a  peptone, 
and  can  be  separated  from  the  yellow  whey  of  milk  by  the  general  alka- 
loidal  reagents  of  Sonnenschein  and  Scheibler.4  After  the  galactin  has 
been  removed  from  the  liquid,  an  alkaloidal  colouring-matter  (for  which 
one  of  the  authors  proposed  the  name  of  lactochrome)  remains  in  solution, 
and  may  be  precipitated  by  means  of  nitrate  of  mercury.  The  simplest 
formula  for  this  appears  to  be  HgOCr)H18NO0.    Lactochrome,  as  obtained 

1  Ueber  den  angebliehen  Iodgehalt  der  Luft  und  verschiedener  Nahrungsmittel. 
Journal  filr  praktische  Chemic,  xcix. ,  p.  198. 

2  Nouvelle  Substance  contenue  dans  le  Lait  Ex  trait  d'nne  Note  de  MM.  E.  Millon 
et  Commaille.    Comptcs  Rendus,  lix.,  p.  301,  1864. 

8  The  ordinary  solution  for  the  estimation  of  urea  is  made  by  dissolving  1 00  grms.  of 
pure  mercury  in  half  a  litre  of  nitric  acid  ;  a  further  quantity  of  acid  is  added  until  no 
red  fumes  are  evolved ;  the  solution  is  evaporated  to  a  syrup,  and  after  adding  enough 
nitric  acid  to  prevent  the  formation  of  a  basic  salt,  it  is  made  up  with  distillea  water  to 
exactly  1400  c.c,  each  c.c.  =  *01  urea^ 

4  Sonnenschein'8  reagent  is  a  nitric  acid  solution  of  phospho-molybdic  acid.  Scheibler's 
reagent  is  a  solution  of  phospho-tungstic  acid. 
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by  careful  decomposition  of  the  mercury-compound,  is  in  the  form  of 
bright  red,  orange,  rosin -like  masses,  softening  at  100*  C,  freely  soluble 
in  water,  very  soluble  in  hot  alcohol,  but  partially  separating  as  the 
liquid  cools.  There  appears  little  doubt  that  lactoehrome  is  the  cause  of 
the  yellow  colour  of  milk  whey,  and  also  the  colouring-matter  of  butter. 
Thudichum  described  some  years  ago,1  under  the  name  of  butyro-luteine, 
the  spectroscopic  appearances  of  the  colouring-matter  of  butter. 

§  119.  Two  bitter  principles,  possibly  derived  from  substances  eaten  by 
the  cow,  were  separated  from  the  milk  of  Devonshire  cows  by  one  of  us 
in  1879.  A  commercial  gallon  of  milk,  measuring  3S00  c.c,  was  freed 
from  casein,  albumon,  and  alkaloidal  matters  by  successive  treatment  in 
the  way  indicated  in  §  142,  and  the  whey  precipitated  by  solution 
of  mercury  nitrate,  the  mercury  precipitate  separated  by  filtration,  and 
the  excess  of  the  mercury  nitrate  thrown  out  by  hydrogen  sulphide ; 
the  liquid  was  then  made  alkaline  by  ammonia,  and  lastly  precipitated  by 
tannin.  The  precipitate  was  washed,  dried,  and  triturated  with  litharge 
and  alcohol ;  and,  finally,  the  mixture  was  exhausted  by  boiling  alcohol, 
filtered,  and  the  filtrate  evaporated  to  dryness.  The  dry  residue  was  now 
dissolved  in  water,  digested  with  animal  charcoal,  filtered,  and  evaporated 
to  dryness.  A  dark  sticky  extract  was  the  result  of  these  various  and 
successive  operations.  On  treatment  by  absolute  alcohol,  about  20  nigrms. 
of  minute  white  crystals  wore  obtained,  which,  on  combustion  with  cupric 
oxide,  were  found  to  be  non-nitrogenous,  and  (so  far  as  a  small  quantity  can 
be  trusted)  gave  a  formula  closely  agreeing  with  C.,lI,jO10.  The  larger 
portion  of  the  extract  was  of  a  dark  brown  colour,  very  hygroscopic,  and 
becoming  quite  fluid  on  exposure  to  the  air ;  soluble  in  water  in  all  pro- 
portions, insoluble  in  strong  alcohol,  and  reducing  copper  solution  on 
boiling,  as  well  as  chloride  of  gold  at  the  ordinary  temperature  ;  it  also 
rapidly  reduced  nitrate  of  silver  on  warming.  The  taste  was  woody  and 
feebly  bitter  ;  the  reaction  was  neutral.  Two  strictly  concordant  analyses 
gave  numbers  agreeing  with  the  formula  (•jslIlsOv,|. 

Kreatinine  appears  to  exist  in  normal  milk,  for  we  have  separated,  in 
the  ordinary  way,  *059  of  the  chloride  of  zinc  compound  of  kreatinine 
from  310  c.c.  of  milk  ;  this  corresponds  to  *01 15  of  kreatinine  in  100  c.c. 
of  milk.  Commaille  had  already  discovered  that  in  a  sample  of  milk  which 
remained  some  time  in  a  partially  closed  flask,  appropriate  treatment 
would  give  crystals  yielding  with  chloride  of  zinc,  or  oxide  of  mercury, 
kreatinine  reactions ;  and  the  presence  of  this  substance  in  small  quantities 
as  a  normal  (perhaps  constant)  constituent  of  milk  is  now  placed  beyond  a 
doubt.  Urea  has  been  found  in  almost  all  animal  fluids,  and  in  such  small 
quantities  as  a  milligramme  per  100  c.c,  it  is  rarely  absent,  but  any 
marked  percentage  of  urea  is,  of  course,  abnormal. 

§  120.  Milk  has  a  peculiar  sweet  odour,  and  the  odoriferous  principle 
may  be  separated  by  agitation  with  three  or  four  times  its  volume  of 
petroleum  ether.  MM.  Millon  and  Commaille  have  recommended  bisulphide 
of  carbon  for  this  purpose,  but  it  is  not  quite  so  convenient  a  solvent.2  In 
neither  case  is  any  of  the  milk-fat  dissolved.  Lactic  acid  is  almost 
invariably  present  in  cows'  milk,  and  gradually  increases  in  quantity.  The 
amount  of  lactic  acid  obtained  from  milk  which  has  been  drawn  from  the 
cow  within  the  hour  is  from  *01  to  *02  per  cent. 

Citric  acid  is  also  a  normal  constituent  of  milk. 

1  "Chemical  Physiology."  by  J.  L.  W.  Thudichum,  M.D.,  London,  1872,  p.  149. 
9  Analyse  du  Ltiit,  by  MM.  Mill  on  ct  Omiiiailh*.    Compt.  Rend.,  t.  lix.,  31)6. 
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solids  in  human  milk  in  fractions  taken  before  the  child  was  applied  to  the 
breast  and  after. 

Before  Suckling.  After  Suckling. 

Total  Solid*  per  cent.  Total  Solids  per  cent. 

1  10-58  12*93 

2  1278  15-52 

3  13-46  14-57 

It  has  been  considered  that  this  difference  is  merely  due  to  the  effect  of  a 
physical  cause;  that,  in  short,  as  regards  cows'  milk,  the  milk  already 
secreted  is  in  the  same  state  as  if  it  stood  in  a  vessel,  and  the  fat  rising  to 
the  top  is,  of  course,  drawn  last.  This  explanation  cannot  be  altogether 
true,  for  the  same  phenomenon  is  observed  in  human  milk,  and  here  the 
breasts  are  horizontal,  or  nearly  so.  It  is  more  probable  that  during  the 
act  of  milking  secretion  goes  on,  and  it  would  seem  that  the  fatty  contents 
of  the  milk-producing  cells  are  set  free  before  the  more  watery  and 
albuminous.  Hence,  the  stripping^  are,  as  the  most  recent  portions  of  the 
whole  secretion,  rich  in  fat.  This  view  is  supported  by  an  experiment  of 
Keiset,  in  which  it  was  proved  that  the  longer  the  time  elapsing  between 
the  partial  milkings,  the  less  the  percentage  of  solids. 


Human  Milk. 

§  124.  Woman's  milk  (1)  has  been  long  an  object  of  research,  and 
numerous  analyses  of  it  are  scattered  through  scientific  literature.  These 
analyses,  in  their  quantitative  results,  show  considerable  discrepancies,  so 
that  we  must  either  adopt  the  supposition  that  human  milk  is  very  variable, 
or,  what  is  more  probable,  that  the  samples  taken  did  not  represent  the 
average  secretion.  From  experiment,  the  authors  have  come  to  the  con- 
clusion that  it  is  impracticable  with  any  mechanical  appliances  to  obtain 
a  complete  sample  of  human  milk.  In  civilised  life  the  nervous  system 
assumes  such  a  high  and  delicate  state  of  organisation,  that  the  secretion 
is  far  more  dependent  on  the  presence  and  contact  of  the  offspring  than 
among  animals.  Hence,  samples  of  human  milk  taken  by  breast  pumps, 
or  other  exhaust  apparatus,  can  only  be  considered  partial  samples ;  and  a 
study  of  partial  sampling  in  the  case  of  cows'  milk  (p.  206)  has  taught  us 
how  very  widely  the  quantities  of  the  fatty  constituents  in  such  samples 
differ  from  one  taken  from  the  whole  bulk.  Woman's  milk  contains  milk- 
fat  which  has  not  been  obtained  in  quantities  sufficient  for  accurate 
investigation,  and  a  knowledge  of  its  exact  composition  is  still  a  desideratum. 
It,  however,  certainly  contains  butyrin,  for  one  of  the  authors  has  succeeded 
in  isolating  a  sufficient  quantity  of  butyric  acid  from  saponified  human  milk- 
fat  to  identify  it  satisfactorily.  Milk-sugar,1  casein,  albumen,  peptones, 
and  a  colouring-matter,  with  mineral  substances,  are  also  constituents  of 
woman's  milk.-  The  casein,  like  that  of  the  ass,  is  peculiar  in  not 
separating  in  llocculent  masses  by  the  processes  recommended  in  §  142,  and 
the  analyst  is  under  the  necessity  of  adopting  a  different  process.  This 

1  Carter  and  Richmond  state  that  the  sugar  has  a  specific  rotatory  ]>ower  of  [a]z>  = 
48*7°.    They  are  of  opinion  that  more  than  one  sugar  is  present. 

2  Human  milk  on  being  shaken  up  with  ether  parts  with  its  fat,  the  globules  dissolving 
in  the  ether,  the  fluid  therefore  clears  up  and  separates  into  two  layers — an  upper  ethereal 
containing  the  fat  in  solution,  and  a  lower  layer  consisting  of  a  solution  of  the  casein, 
albumen,  and  salts.  This  peculiarity  is  not  shared  by  the  milk  of  the  herbivora.  See 
P.  Badenhausen,  Zeit.  f,  physiologische  Chemie,  5,  13-80. 
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•difference  is  all-important ;  for  in  artificial  feeding  with  cows'  milk,  as  soon 
as  the  milk  reaphes  the  stomach,  the  milk,  in  popular  language,  '  curdles,' 
and  is  often  rejected  by  vomiting. 

One  of  the  earliest  exact  analysis  of  human  milk  was  made  by  Meggenhofen 1  in  1826. 
His  treatise  scarcely  appears  to  be  known,  yet  it  contains  pretty  well  all  that  is  known  of 
the  composition  of  human  milk.  The  total  solids  of  human  milk  Meggenhofen  determined 
from  twelve  samples,  the  highest  of  which  is  13*38,  and  the  lowest  9*25  per  cent,  the 
mean  being  about  12  per  cent  Probably  for  the  first  time  Meggenhofen  determined  the 
albumen  separately  from  the  casein,  and  also  weighed  materia  animalis  tinctura 
gaXlamm,  animalis  precipitate.    His  view  of  the  composition  of  human  milk  may  be 


fairly  stated  thus— 

Per  cent. 

Milk-fat,   2-90 

Casein   2*40 

Albumen,   '57 

Albuminoid  precipitated  by  gallic  acid,  .       .       .  *10 

Sugar,   5-87 

Ash,   -16 

Water,   88*00 


With  regard  to  other  constituents,  urea  is  often  present ;  there  is  also 
an  odorous  principle.  Human  milk  decomposes  similarly  to  cows'  milk, 
and  yields  similar  gaseous  and  other  products. 

§  125.  Milk  of  the  Am  (2). — One  of  the  authors  has  investigated  the  milk 
of  the  ass.  Milk  was  obtained  under  his  personal  superintendence  from 
asses  kept  and  fed  in  London  dairies  for  the  purpose  of  supplying  the 
demand  that  still  exists  for  asses'  milk.  The  animals  were  fed  on  a  uniform 
diet  of  bran,  hay,  and  oats.  The  yield  of  each  milking  was  carefully  noted, 
and  the  ass  in  each  case  milked  dry.  It  would  appear  that  the  milk  of 
the  ass  under  these  circumstances  has  a  very  uniform  composition,  the 
differences  observed  being  quite  unimportant.  The  yield  for  commercial 
purposes  appears  not  to  exceed  3  pints,  and  to  average  about  2£  pints 
daily.  More  than  this  is  doubtless  secreted,  but  some  of  it  is  used  by  the 
foal.  In  no  case  did  a  single  milking  yield  half  a  litre  (three-fifths  of  a 
pint),  but  usually  between  300  and  400  c.c. 

The  fat  contains  5  per  cent,  of  butyric  acid,  equal  to  6*6  per  cent,  of 
butyrin ;  it  is  probably  very  similar  to  butter-fat.  After  the  precipitation 
of  casein,  albumen,  lactochrome,  and  peptones,  there  yet  remain  principles 
precipitable  by  tannin.  As  in  human  milk,  the  casein  is  not  readily 
precipitated,  but  remains  suspended  in  a  state  of  fine  division,  however 
far  lactic  fermentation  may  have  progressed. 

§  126.  Milk  of  the  Goat  (3). — The  milk  of  the  goat,  as  a  rule,  contains 
more  cream  than  that  of  the  cow,  and  rather  less  albuminous  matter. 

§  127.  Milk  of  tJie  Mare  (4). — The  milk  of  the  mare  closely  resembles  in 
its  constituents  the  milk  of  the  cow  :  the  casein,  the  sugar,  and  the  fat  being 
very  similar,  if  not  identical.  M.  J.  Duval 2  asserts  that  he  has  discovered 
in  the  milk  of  the  mare  a  new  acid,  to  which  he  has  given  the  name  of 
•equinic,  and  which  crystallises  in  groups  of  little  needles ;  it  is  not  volatile 
without  decomposition,  in  odour  fragrant.  It  is  combined  with  a  base 
volatilised  by  heat,  which  the  author  considers  a  base  of  the  ammonia  type. 
Its  reactions  with  silver  nitrate,  ferric  chloride  and  auric  chloride  distinguish 
it  from  hippuric  acid.    No  analyses  are,  however,  given. 

1  Dissertatio  Inauguralis  Indagationem  Lactis  MuliebrU  Chemicam.  C.  Aug. 
Meggenhofen.    Frankfort,  1826. 

^Comptes  Rendu*,  lxxxii,  419,  1876. 
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The  mean  composition  of  asses1  milk  and  the  milk  of  various  other 
animals  is  given  in  the  table: — 
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L  Human,  avenge,      .  1 1*0813 
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1-00  l-oo  ;  -is  „ 


3-84 
'00 
iru&U 

7  23 
5-vj  , 


9*540 
1-04 
16-54 
3  09 

Til 


'66 
•8 
11 
106 
73 

583 

m 

'65 
57 


1 
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1  1 


'81 


Dragendorff. 
Dojrere.< 
Gunning. 
Konig. 


Commallle. 
5 

ft 
6 

i: 

Richmond  and 
A.  Pappel. 

FleiHchmann. 


1  A.  B.  Leeds  (Chem.  Hews,  iv.  pp.  203-267,  280,  281)  from  eighty-four  samples. 
»  Richmond  (Dairy  Cheini*try,  1899,  p.  326)  deduce!  theae  figures  from  Leeds',  Pfeiffer's,  Luff's. 
Johausaen'a,  Lehmann's,  Carter's,  and  his  own  figures. 
»  Bied .  Centr. ,  1881,  p.  863. 
«  Ann.  ds Flntt.  Agron.,  1WS2,  p.  261. 
*  Richmond,  Dairy  Chemistry,  1809,  p.  323. 

§  128.  Milk  of  the  SJieep  (5). — Sheep's  milk »  is  remarkable  for  its  high 
specific  gravity,  and  the  large  amount  of  solid  matter  which  it  contains ; 
the  specific  gravity  ranges  from  1*038  to  1*041,  and  the  total  solids  may 
rise  as  high  as  19  per  cent. 

The  casein  behaves  similarly  to  the  casein  of  cows'  milk,  and  separates 
easily  by  dilution,  acidulation  with  acetic  acid,  etc.  (see  p.  227).  The  fat 
yields  5  per  cent,  of  its  weight  of  butyric  acid,  and  is  probably  of  similar 
composition  to  the  milk-fat  from  cows'  milk. 

§  129.  The  Milk  of  the  Camel  (6).— Chatin  has  analysed  the  milk  of  the 
camel.  He  describes2  it  as  perfectly  white  in  colour,  and  possessing 
globules  smaller  but  more  numerous  than  those  in  cows'  milk,  the  diameter 
being  on  an  average  one-half.  Specific  gravity,  1  042.  It  appears  to  be 
rather  richer  in  milk-sugar  and  casein  than  cows'  milk.  Dragendorff8  has 
also  analysed  camels'  milk,  and  gives  the  figures  in  the  table. 

1  An  analysis,  by  Voolcker,  of  rich  samples  of  ewes1  milk  shows  that  the  fat  may 
attain  12*78  per  cent.   Bied.  Centr.  1 1881,  858. 

9  Sur  le  Lait  de  la  Chamelle  a  deux  Bosses,  jrar  M.  Chatin.  Journal  de  Pharmacie  et 
Chimie,  t  L,  4  ser.,  p.  264. 

*  ZeiU  f.  Chemic,  1865,  s.  785. 
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J  13//,  J/t7£  ^  ^$  IJar^JSL — The  fcgarea  girtx*  in  taL^e  ire  from 
dim  vukijw*.  hj  \y/j*t*z. 

J  13L  MiUc  'J  tte  Hipy/yAamu*  *7f. — There  are  few  opwtnniues  of 
aottfTObg  tlx  CLilk  of  this  ei*jri£*/nA  win*},  uitb  fierce  when  snckles 
'AyrzjL,  A  *au»pie  of  the  itflk  tat,  however,  investigated  by  Gunning.1 
fi£  &*#ri'?A*  it  a*  of  an  acid  reaction,  and  under  the  nJeroscope  shoving 
Wg*T  jdoVska  than  that  of  other  animal*.  The  young  hippopotamus 
a*ejtt  ?±r/ier  vasir,  and  can  rtaAiu  there  for  a  much  longer  time  than  the 
adxj£  afeiz&aL  The  ae^retion  of  milk  is  excessive  in  quantity,  and  escapes 
frocG  the  distended  teat*  in  streams,  which  make  the  water  around  the 
a&ix&al  ^r*he  opaque. 

$  132,  if*/*  </  f&e  #w  ffc). — The  mean  of  eight  analyses  collected  by 
K/,fOg 1  of         milk,  is  given  in  the  table. 

There  are  also  two  analyses  of  the  milk  of  a  sow  investigated  by  Filhol 
and  JoJr ;  the  animal  was  fed  on  horse-flesh,  a  diet  far  from  natural ; 
under  this  diet  was  aecreted  a  highly  albuminous  fluid,  containing  but 
Utile  sugar.    Specific  gravity  1  044. 

Percent. 

Altamen,  1259  210 

Fat,  6-6  5-4 

Bugar,  05  1*2 

Extractive*  and  salt*,    ....        3*01  4-3 

Water,   77*0  68  1 

Total  aolid*   23*0  81  "9 

Solid*  not  fat,       ....       16*4  26*5 

g  133.  J/tf*  of  the  Bitch  (9).— The  milk  of  the  bitch  is  highly  charged 
with  albuminous  solids,  and  is  of  a  specific  gravity  ranging  from  1*034  to 
1*036.  It  has  been  investigated  by  Simon,  Dumas,  Filhol  and  Joly, 
TalmateschefT,  Bensch,  Scubotin,  and  others. 

g  134.  Milk  of  the  Cat  (10).  —The  milk  of  the  carnivora  generally  has  the 
peculiarity  of  having  the  milk-sugar  almost  entirely  replaced  by  lactic  acid, 
and  hence  the  milk  invariably  possesses  an  acid  reaction.  An  analysis  of 
the  milk  of  a  cat  by  Commaifle  is  given.  The  milk  was  taken  twenty-four 
hours  after  kittening ;  it  was  feebly  acid. 

§  135.  Milk-like  Secretions  of  Birds  and  Plants. — It  is  usually  held 
that  mammals  alone  secrete  milk,  but  this  is  by  no  means  certain;  for 
during  the  latter  portion  of  the  incubation-period,  as  well  as  more  profusely 
for  a  little  while  after  the  young  birds  are  hatched,  the  pigeon  secretes  a 
nutritious  albuminous  fluid  in  her  crop,  which  is  supposed  to  be  used  for 
the  purpose  of  feeding  the  young  birds.  According  to  Lecomte's  analysis 
this  secretion  contains, 

Caaein  and  Ralta,  23 '23 

Fat,  10-47 

Water  66*30 

Such  milk-like  bocretions  are  by  no  means  confined  to  the  internal 
mucous  membranes  of  birds.  Jonge3  has  made  a  most  valuable  research 
on  the  secretion  of  the  glands  known  to  anatomists  as  OlandvXm  uropygii, 
situated  at  the  tail  of  the  common  goose.  The  secretion  was  obtained  in 
sufficient  quantity  for  a  complete  qualitative  and  quantitative  analysis,  and 

1  GaxcUa  Chim.  Italiana,  1871,  p.  255.  9  Op.  cit. 

9  ' '  UoW  daa  Secret  der  TalgdrUsen  der  Vogel  und  aein  Verhaltniss  zu  den  fetthaltigen 
Hautftwruton  dor  Saugthiore,  insbeaondere  der  Milch,"  von  D.  de  Jonge.    Ztitschrift  fur 
iy$ivl.  Chemit,  von  F.  Hoppe-Seyler.   Strasburg,  1879. 
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although  the  analysis  was  not  quite  so  complete  as  if  a  larger  quantity  had 
been  obtainable,  it  fairly  shows  that  there  is  a  considerable  analogy  between 
milk  and  this  secretion,  the  most  marked  difference  being  that  no  trace  of 
milk-sugar  could  be  found.    The  analyses  of  two  samples  were  as  follows : — 


1.  2. 

Total  solids,        .       .  891*93  415*34 

Water,        .       .  608*07  584*66 

Albumen  and  nuclein,  .  179*66  127*63 
Compounds  insoluble  in 

absolute  ether,  .       .  186*77  247*08 

Alcoholic  extract,        .  10*90  18*31 

Water  extract,                    7*53  11-31 

  ™|StiK|  """IK-.. 

In  ether  extract,                  1.  2. 

Cetyl-alcohol,      .       .  74*23  104*02 
Oleic  acid,    ...  6*48 

Lower  acids,        .       .         3*73  14*84 
Lecithin,     .       .       .  2*33 


In  the  vegetable  kingdom,  numbers  of  trees  or  plants  yield  a  white 
fatty  secretion,  popularly  called  milk,  though,  as  a  rule,  such  fluids  have 
no  right  to  this  title,  being  totally  different  in  composition  and  properties. 
A  very  remarkable  exception  to  this  assertion  is,  however,  met  with  in  the 
'  milk  tree '  (Brosimum  gdlactodendron\  to  be  found  in  Central  America. 

This  tree,  on  incision,  yields  an  abundance  of  a  thickish  feebly  acid 
fluid,  coagulating  on  exposure  to  the  air.  M.  Boussingault  has  analysed 
this  juice,  and  considers  it  perfectly  analogous  to  ordinary  milk,  since  it 
contains  a  fatty  principle,  an  albuminous  principle,  a  sugar,  and  phosphates. 
The  exact  composition  of  these  different  matters  has,  however,  not  been 
determined.    Boussingault's  general  analysis  is  as  follows : — 


Fatty  8a]K>nifiable  matters   35*2 

Sugar,  and  substances  analogous,     .       .       .       .  2  '8 

Casein,  albumen,   1  *7 

Earths,  alkalies,  phosphates,   '5 

Substances  not  estimated,   1*8 

Water,   58*0 


This  milk  is  used  largely  as  a  food  in  the  regions  where  the  tree  grows. 


Abnormal  Milks. 

§  136.  Milk  which  deviates  from  the  natural  secretion,  the  animal 
suffering  from  no  disease,  and  milk  secreted  under  unnatural  conditions, 
may  be  conveniently  classed  as  '  abnormal.'  (Milk  derived  from  the  un- 
healthy will  be  considered  in  another  section.)  Instances  of  healthy  cows 
giving  milk  differing  essentially  from  ordinary  milk  are  very  few.  One 
such,  however,  is  recorded  by  Mr.  Pattinson,  who  analysed  the  milk  of  a 
roan  cow,  which  only  gave  2  per  cent,  of  albuminoids,  and  yielded  no  less 
than  4  grms.  per  litre  of  common  salt.  The  animal  is  stated  to  have  been 
in  good  health.  Instances  of  marked  deviations  from  the  ordinary  standard 
are  to  be  found  in  The  Analyst  of  Jan.  1,  1893.    (See  also  page  231.) 

The  newly-born  human  infant  almost  constantly  secretes  a  fluid  in  the  mammae,  and 
adult  males  have  not  only  secreted  milk,  but  that  in  abundance  enough  to  suckle. 
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Females  also,  both  human  and  animal,  occasionally  secrete  milk  without  having  been 
previously  pregnant.  With  regard  to  the  milk  secreted  by  infante,  there  is  some  doubt 
about  its  real  nature.  Kolliker  does  not  view  it  as  a  true  milk,  but  considers  its  appear- 
ance connected  with  the  formation  of  the  mammary  glands.  Sinety,  on  the  other  hand, 
upon  anatomical  grounds,  considers  it  a  true  lacteal  secretion.  It  is  probably  imperfect 
milk  loaded  with  leucocytes,  and  this  is  the  more  likely,  as  Billard  ( TraiU  dts  Maladies 
des  Enfant*  nouveau  nit,  3me  edition,  1837,  p.  7i7)  notices  that  it  frequently  ends  in 
abscess. 

Schlos8berger  gives  an  imperfect  quantitative  analysis  of  a  sample  of  milk 1  obtained 
by  squeezing  the  breasts  of  a  newly-born  infant — a  male.  In  the  course  of  a  few  days 
about  a  drachm  was  obtained.   The  following  was  the  result  of  the  analysis : — 

Per  cent 

Water,  96 '75 

Fat,     .    •   -82 

Ash,   -05 

Casein,  sugar,  and  extractives  2*83 

Sugar  reaction  strong. 

The  most  complete  analysis  we  yet  possess  of  such  milk  is  one  by  V.  Gesner,  which  is 
given  in  the  following  table  with  other  less  perfect  analyses  : — 

la  2s  34 

Milk-fat,        ....       T456  *82  1'40 

Casein, 


Albumen, 
Milk-sugar, 
Ash, 

Water,  . 
Total  solids, 


•557 
•490 
•956 

•826  '05  J 


:::} 


2  80 
6-40 


95*705  96-30  79*40 
4-295        8-70  10*60 


Joly  and  Filhol  have  recorded  the  case  of  an  old  lady,  75  years  of  age,  who  suckled 
successfully  her  grandchild.5  Similar  instances  have  been  recorded  in  dogs,  and  we 
fortunately  possess  one  or  two  analyses  which  show  that  the  fluid  is  certainly  milk.  Thus 
Filhol  and  Joly  give  the  following  analysis  of  the  milk  derived  from  a  bitch  which  had 
no  connection  with  a  male : — 

Specific  gravity,   1  #069 

Total  solids,                                                 .  29*00 

Fat,   2-20 

Sugar,   *32 

Albumen,   23 '20 

The  ash,  on  analysis,  gave  the  following  percentages  in  100  parts : — 

Chloride  of  sodium,   65*10 

Chloride  of  {wtassium,   3  '88 

Calcic  phosphate,   27 '75 

Sodic  phosphate   1-40 

Sodic  carbonate,   1*87 

Traces  of  magnesic  and  other  phosphates. 

Men  before  now  have  suckled  children.  Humboldt 8  relates  the  case  of  Francisco 
Lozano,  whom  he  saw,  and  whose  case  he  carefully  investigated ;  and  it  appears 
established  that  this  man  did  secrete  from  his  breasts  a  nutrient  fluid  on  which  his 
infant  son  lived  for  many  months,  it  is  said,  indeed,  a  whole  year.  The  curious  in  such 
matters  may  consult  the  references  given  in  the  footnote  for  additional  cases.7 

1  Untersuchung  der  sogenannte  Hezenmilch,  J.  Schlossberger,  AnncUen  der  Chemie 
t*.  Pharmacie,  b.  87,  1852. 

8  Jahrb.f.  KinderkrankheUen,  N.  F.,  Bd.  ii.,  §  160. 

9  ScMossberger  u.  Hauff,  Ann.  Chem.  Pharm.,  Bd.  xcvj.,  p.  68. 
4  Gabler  u.  Quevenne,  op.  cit. 

8  "  Recherches  sur  le  Lait,"  UL,  Bruxelles,  1856. 

•  Humboldt:  "  Voyage  aux  Regions  Equinoxiales  du  Nouveau  Continent" 
7  Robert,  Bishop  of  Cork  :  Letter  concerning  a  Man  who  gave  Suck  to  a  Child,  Phil. 
Trans.,  1741,  No.  461,  t  xli.,  p.  818.    Franklin  t  "  Narrative  of  a  Journey  to  the 
Shores  of  the  Polar  Sea,"  1819,  p.  157.    Cobbold  :  Milk  from  the  Male  Mamma,  Monthly 
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Instances  have  also  beeu  known  of  a  like  kind  among  animals.  Schlussberger  has 
analysed  the  milk  derived  from  a  he-goat  (AnnaUn  der  Chemie  u.  Pharmacic,  .1844) : 

Milk-fat,  26*50 

Casein,  with  salts  soluble  in  alcohol,  .      .        9 '60 

Sugar,  with  salts  soluble  in  alcohol,      .       .      .  2*60 

The  ash  was  782  per  cent— viz.,  '325  soluble  in  water,  '457  insoluble.  Occasionally 
the  female  mammm  after  confinement  have  continued  to  yield  milk,  although  the  infant 
has  either  been  dead  or  nourished  otherwise.  In  such  cases  the  milk  deviates  from  its 
normal  composition,  and  is,  for  the  most  part,  highly  albuminous.  In  a  case  of  this  kind 
recorded  by  Filhol  and  Joly,1  three  analyses  of  the  milk  were  made  as  follows,  at  different 


dates,  about  a  week  apart : — 

1.             2.  8. 

Specific  gravity,             .        1'089         1*025  1*028 

Total  residue,  .             .       21*50         18*30  18*63 

Milk-fat,.                            5*00          6  15  7*80 

Sugar                                  2*19           1*27  3*50 

Albumen,       .       .      .       12*96          9'00  5*65 

Extractives  and  salts,      .        1  '35           1  '88  1  '68 

Water                                78*50         81*70  81*37 

Casein  was  entirely  absent. 

The  composition  of  the  ash  was  as  follows  :— 

Per  cent. 

Chloride  of  sodium   73*10 

Chloride  of  i>otassium   traces. 

Calcic  phosphate,   23*40 

Sodic  phosphate,   *80 

Sodic  carbonate   1*89 

Magnesia  and  ferric  phosphates,    ....  *81 


The  General  Examination  and  Analysis  of  Milk. 

§  137.  The  general  examination  and  analysis  of  milk  may  be  conveniently 
divided  into  three  sections — 

A.  The  microscopical  and  biological  examination. 

B.  The  analysis  of  the  normal  constituents  of  milk. 

C.  The  analysis  of  milk  for  the  purpose  of  detecting  adulteration. 

A.  Microscopical  and  Biological  Examination  of  Milk. 

§  138.  A  mere  chemical  analysis  is  incomplete  and  insufficient  in  itself, 
and  should  in  all  cases  be  preceded  or  supplemented  by  a  careful  and 
painstaking  microscopical  examination.  Normal  milk,  viewed  under  the 
microscope,  presents  for  the  most  part  a  multitude  of  fat  globules  floating 
in  a  clear  fluid.  The  globules  of  human  milk  measure  in  diameter  from 
•002  to  *005  mm.  ;  those  in  the  milk  of  the  cow,  from  -00062  to  *00039 
inch  [*0016  to  #01  mm  J.  These  fat  globules  are  of  two  kinds.  By  far  the 
most  numerous  are  evidently  drops  of  fluid  fat  ;  but  there  are  occasionally 
to  be  seen  others  which  woidd  appear  to  consist  of  solid  fat,  for  they  are 
rougher  on  the  surface,  and  less  soluble  in  ether,  characteristics  which  they 
lose  on  warming,  becoming  like  liquid-fat  globules.  In  human  milk,  and, 
to  a  certain  extent,  in  cows'  milk,  there  are  also  as  normal  constituents, 
but  in  sparse  quantity — 

(1.)  Fatty  drops  having  a  half  moon-shaped,  finely  granular  substance ; 

Journal  of  Med,  Science,  1854  ;  t.  xviii.,  p.  271.  Morgagni:  Adversaria  Anatomica 
Omnia  (r.  Animadversion  i.,  p.  3). 

1  Compter  Iiendus,  t.  xxxvi.,  p.  571,  1853. 
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(2,)  Clear  cell*  enclosing  one  or  two  fatty  drops,  arid  an  eccentric 
nucleus; 

(Z.)  Round  clear  bodies,  easily  coloured  by  eosin  and  picrocarmine. 
These  lust  Heidenhain  considers  to  be  free  nucieL1 

In  the  colostrum,  or  milk  drawn  the  first  few  day*  after  parturition 
there  are  present  other  elements — vix,  the  so-called  fc  colostrum  cells.7 
►Some of  these  consist  of  a  number  of  small  and  large  fat  globules,  held  together 
by  a  hyaline  tissue  or  membrane,  swelling  on  the  addition  of  acetic  acid  or 
alkalies,  and  only  slowly  coloured  by  aniline  red.  There  are  other  granular 
cells  coloured  at  once  by  the  same  reagent.  If  the  milk  is  taken  fresh  and 
war <n,  and  a  minute  drop  examined  on  a  streckers  warm  stage,2  and  kept 
at  a  temperature  of  33%  the  corpuscles  will  exhibit  amoeboid  movements, 
perfectly  similar  to  those  which  have  been  noticed  in  the  white  corpuscles 
of  the  blood.  Indeed,  it  is  almost  certain  that  the  colostrum  cells  are  no 
other  than  the  white  corpuscles  of  the  blood,  infiltrated  with  milk-fat,  for 
Heidenhain,  having  injected  into  the  dorsal  lymph  vessel  of  the  frog  1  c.c. 
of  fresh  milk,  after  48  hours  found  the  white  corpuscles  loaded  with  milk- 
fat,  and  in  no  respect  distinguishable  from  colostrum  cells.  In  abnormal 
milk  may  be  detected  pus  or  blood,  or  sometimes  both.  If  the  pus  is  derived 
from  inflammations  within  the  mammae,  and  has  been  mixed  with  the  milk 
before  milking,  the  pus  cells  become  infiltrated  with  milk-fat,  and  are  difficult 
to  distinguish  from  colostrum  granules ;  but  if  derived  from  ulcers  on  the 
teats,  they  have  the  usual  appearance  of  pus  cells.  The  pus  cells,  like  the 
colostrum  cells,  and  the  mucus  corpuscles,  are  all  different  forms  of  white 
blood-corpuscles  [leucocytes],  and  when  placed  on  the  warm  stage  exhibit 
amoeboid  movements.  Pus  cells,  as  usually  observed,  are  spheroidal, 
granular,  and  colourless,  measuring  from  about  1-2500  to  1 -3000th  of 
an  inch  in  diameter.  On  treatment  with  dilute  acetic  acid,  the  cells  clear 
up,  and  show  two,  three,  or  four  nuclei.  Blood,  in  small  quantity,  gives  a 
pinkish  colour  to  milk  ;  if  a  large  amount  be  present,  it  sinks  to  the 
bottom  in  red  flocculent  masses,  which  soon,  from  being  deoxidised  by  the 
milk,  acquire  a  tint  varying  from  a  red  more  or  less  dark,  to  a  shade 
almost  black.  In  small  quantities  reliance  must  be  placed  on  the 
microscopic  apf>earance  of  the  blood-discs,  which  are  wholly  unlike  any 
cell  found  in  normal  milk.  The  red  blood-discs  of  the  cow  are  like  those 
of  the  human  subject — little  circular,  biconcave,  flattened  discs,  measuring 
on  an  average  1  -4000th  part  of  an  inch.  Human  blood -discs  have  an 
average  diameter  of  1 -3500th  inch.  By  the  aid  of  the  iijicro-spectroscope, 
the  Absorption-bands  may  also  be  seen.  These  are,  in  oxidised  blood,  two 
bAiids  between  J)  and  E,  the  one  close  upon  the  red  being  narrower, 
darker,  and  letter  defined  than  the  one  nearer  to  the  green ;  with 
deoxidiwd  blood,  only  one  band  is  seen,  between  I)  and  E.  On  treating 
the  blood  with  oxygen,  or  shaking  it  up  with  air,  the  two  bands  re-appear. 

The  Hological  examination  of  milk  is  treated  of  under  the  sections  dealing 
with  milk  secreted  by  the  unhealthy  and  with  the  decomposition  of  milk. 

1  H.  Hoidenhain  :  "  Handbuch  dor  Physiologic"  Herausgegeben  von  Dr.  L.  Hermann. 


'  In  default  of  Htreoker's  stage,  a  plate  of  copper,  having  a  central  aperture  and  a 
thick  Htraight  wire,  Home  inches  in  length,  may  be  used.  The  plate  is  kept  at  the 
desired  teni|ieratiire  through  heating  the  wire  by  means  of  a  spirit  lamp. 
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B.  The  Analysis  of  the  Normal  Constituents  of  Milk. 

§  139.  In  the  analysis  of  the  normal  constituents  of  milk,  the  following 
determinations  should  be  made : — 


In  addition  to  the  above,  it  may  sometimes  bo  desirable  to  further 
examine  the  fat  and  proteids  of  the  milk,  and  to  make  an  examination  for 
substances  such  as  citric  acid,  and  for  others  which  cannot  be  said  to  be 
normal  constituents  of  milk,  e.g.,  alcohol,  urea,  metals,  and  so  forth. 

§  140.  One  of  the  first  accurate  processes  for  the  general  analysis  of 
milk  was  published  in  1853,  by  MM.  Vernois  and  A.  Becquerel.1 

A  small  quantity  [30  grins.]  was  taken,  dried,  exhausted  with  ether, 
burnt  up  to  an  ash ;  the  sugar  obtained  a  saccharimetre  from  the  whey, 
the  casein  being  first  separated  by  coagulation  by  acetic  acid,  and  then 
estimated  by  difference. 

Mr.  Wanklyn,  by  his  work  on  milk  analysis,2  revived  the  more  accurate 
method  of  using  comparatively  small  quantities  for  analysis,  thus  avoiding 
very  considerable  error,  from  the  risk  of  large  quantities  decomposing  by 
prolonged  heating.  He  advocated  the  use  of  platinum  dishes,  and  sup- 
]>orted  strongly  the  doctrine  of  the  fairly  constant  character  of  the  non- 
fatty  constituents  of  milk,  dividiug  the  total  milk  solids  into  two  divisions : 
the  one,  milk-fat,  the  other,  solids  not  fat 

Whatever  modifications  have  been  since  introduced  in  the  methods  for 
the  analysis  of  milk,  the  general  process  is  still  on  the  principles  advocated 
by  Mr.  Wanklyn. 

(a.)  Specific  Gravity. — The  specific  gravity  is  first  taken.  Tins  may  be 
done  with  fair  accuracy  by  an  hydrometer,  and  still  more  correctly  by  a 
Westphal's  balance  or  a  Sprengel  tube. 

It  is  to  be  noted  that  milk  when  drawn  from  the  udder  contains  many 
air  bubbles,  and  the  specific  gravity  is  low,  consequently  the  specific  gravity 
should  not  be  taken  until  at  least  one  hour  has  elapsed.  This  phenomenon 
was  first  observed  by  Recknagel,  and  has  been  confirmed  by  Vieth,  Bourcart, 
and  Richmond.   The  specific  gravity  of  milk  must  be  corrected  to  15*5°  C. 

Vieth  has  constructed  a  useful  table  (see  Table  XVIIIa.)  for  this  purpose. 

(b.)  Total  Solitis. — The  specific  gravity  having  been  obtained,  exactly 
10  0.0.,  or  better  5  c.c,  are  transferred  by  means  of  a  pipette  to  a  platinum 
dish,  and  submitted  to  the  heat  of  a  water-bath,  until  the  contents  cease 
to  lose  more  than  1  mgrm.  in  one  hour ;  this  usually  takes  from  three  to 
five  hours.  When  the  residue  is  perfectly  dry,  it  is  at  once  weighed,  and 
the  results  expressed  in  percentage  by  weight.  The  weight  of  the  10  c.c. 
is  known  from  the  specific  gravity  already  taken.  Thus,  supposing  a  milk 
of  1*032  specific  gravity  to  give  a  total  residue  from  10  c.c.  of  1*423  grm.: 
since  the  specific  gravity  has  shown  that  100  c.c.  of  the  milk  weighed  103*2 
grms.,  it  follows  that  10  c.c.  must  weigh  10*32  grins.  Hence,  10*32  grms. 
have  yielded  a  residue  of  1*423  grms.,  which  is  13*78  per  ceut. 

Some  analysts,  e.g.,  Allen,  prefer  the  use  of  flat  porcelain  dishes,  the 


a.  8p.  gravity  at  15*5°  C. 

b.  Total  solids, 
c  Fat 

d.  Lactose  or  milk-sugar. 


/.  Mineral  matters  or  ash. 


1  Comptcs  Rendu* t  xxxvi.,  p.  187,  1853. 

2  "Milk- Analysis."   By  J.  A.  Wanklyn.    Lond.  1874. 
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advantages  being  that  the  heat  is  11 -t  so  intense  when  burning  to  an  ash, 
and  that  they  are  more  constant  in  weight  than  platinum. 

Richmond  points  out  that  1  ot.  of  milk  spread  over  a  large  surface 
dries  rapidly  and  completely. 

The  Association  ji  » >thcial  Agricultural  Analysts  of  America  have 
adopted  the  following  two  methods : — 

(1.)  Heat  to  a  constant  weight  at  100""  C.  one  to  two  grins,  of  milk  in 
a  tared  flat  dish,  not  less  than  5  centimetres  in  diameter.  If  desired,  from 
15  to  29  gnus,  of  pure  dry  sand  may  l«e  previously  placed  in  the  dish. 

(2.)  BaUr»ck  Asi*t*t"$  Meth>«l.  —  \  hollow  perforated  metal  cylinder,  60 
mm.  long,  20  mm.  in  diameter,  and  closed  ~>  mm.  from  one  end  by  a  disc 
of  the  same  material,  is  loosely  tilled  with  from  r.">  to  2\>  grins,  of  freshly- 
ignited  woolly  asbestos,  free  from  tine  or  brittle  material.  The  perforations 
are  about  0*7  mm.  in  diameter,  and  the  same  distances  apart. 

The  weight  is  taken  of  the  metal  tube  thus  j  kicked.  A  definite  weight, 
say  4  grms.  of  milk,  is  taken  and  introduced  mi  to  the  asl>estos.  The 
whole  is  dried  to  constant  weight,  and  the  residue  may  be  conveniently 
used  for  the  determination  of  fat  by  exhaustion  with  volatile  solvents. 

Vacuum  Proo:&e*. — The  authors  rind  that  total  solids  may  >>e  esti- 
mated in  the  following  way : — 5  c.c.  of  milk  are  placed  in  a  small  flask ; 
this  flask  is  connected  with  a  second,  containing  strong  sulphuric  acid. 
The  flasks  are  made  vacuous  by  means  of  a  good  mercury  pump ;  the  milk, 
on  gently  heating,  loses  all  water  at  as  low  a  temperature  as  49°.  The 
solids  are  dry  under  two  hours,  but  the  weight  is  generally  0*5  per  cent, 
higher  than  by  the  ordinary  processes. 

A  modification  of  this  process  i?  the  Direct  lMtrmination  of  the  Water. — 
In  most  analyses  the  water  is  inferred  from  the  loss;  it  may,  however, 
occasionally  be  necessary  to  estimate  it  directly.  This  can  be  readily 
done  as  follows: — 5  c.c.  of  milk  are  placed  in  a  small  flask;  a  piece  of 
tubing  is  scale* I  at  one  end,  and  graduate* I  into  c.c.'s ;  it  will  only  be 
necessary  to  mark  it  at  4\j  and  at  5".*»,  graduating  it,  between  these  numbers, 
into  lOths.  The  tuln?  is  now  bent  twice  at  right  angles,  and  connected  by 
a  caoutchouc  cork  to  the  flask  :  another  narrow  tube  goes  to  the  mercury 
pump;  the  fla?«k  is  now  cxhau>ted  of  air;  and  by  applying  a  flame  to  the 
connecting  tube,  the  tube  is  drawn  out  and  sealed.  By  now  plunging  the 
limb  of  the  graduated  sealed  tube  into  ice  and  salt,  and  gently  warming 
the  flask,  the  milk  boils,  the  water  is  all  condensed  in  the  limb,  and  the 
amount  can  be  seen  by  simple  in>pectiou.  A  somewhat  similar  method  of 
analysing  milk,  by  a  special  apparatus,  has  been  patented  in  (Scriuany,  by 
J.  Petri  and  II.  Mueucke.1 

§  140«.  (r.)  Fat— 

Solvent*  for  Fat. — The  solvents  for  milk-fat  are  petroleum-ether,  ether, 
bisulphide  of  carbon,  etc.  Bisulphide  of  carl>on  has  some  advantages  when 
acid  milks  are  analysed,  since  it  has  n«»  solvent  action  on  the  lactic  acid. 
In  quite  fresh  milks,  however,  the  quantity  of  lactic  acid  is  so  small,  that 
ether  may  be  used.  25  to  50  c.c.  of  in  ilk  are  evaporated  in  a  flat  dish 
with  constant  stirring  and  breaking-up  of  the  caseous  lilms  by  a  glass  rod, 
until  the  whole  is  reduced  to  a  rather  coarse  granular  powder.  This 
powder  may  be  transferred  to  any  simple  npparatus  in  use  for  the  exhaustion 
of  substances  by  volatile  solvents;  as,  for  example,  Soxhlet's,  described  at 
page  49, — the  results  are  a  little  low. 

(a.)  A<1< ?it ion  of  &a?i'f,  ur  Sulphate  uf  Lime,  or  nther  Fowler. — 
1  tier. nun  Patent,  No.  7477. 
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Numerous  experiments  by  English  analysts  on  the  extraction  of  milk-fat 
by  solvents  acting  on  dried  milk  have  fully  proved  that  the  greatest 
accuracy  is  only  obtained  by  subdividing  minutely  the  dry  milk  solids; 
this  may  be  done  either  by  mixing  gypsum,  sand  or  powdered  pumice  stone  ; 
the  amount  of  indifferent  material  used  must  be  at  least  equal  in  weight  to 
the  milk  taken,  and  it  is  even  advantageous  to  double  the  quantity,  for 
instance — 20  grms.  of  gypsum  to  10  gnus,  of  milk.  The  material  is  stirred 
into  the  milk,  dried,  and  thoroughly  well  pulverised,  the  powder  being  then 
transferred  to  a  Soxhlet's  apparatus,  and  exhausted  by  solvents  in  the 
usual  way. 

(fi.)  Adams3  Method  of  Extracting  Milk- Fat.— The  Society  of  Public 
Analysts  appointed  in  1884  a  committee  to  investigate  the  best  methods  of 
milk  analysis.  The  members  of  the  committee  analysed  by  different  methods 
a  large  number  of  samples.  The  results  were  of  considerable  interest, 
especially  with  regard  to  extraction  of  the  milk-fat.1  The  committee 
clearly  established  that  milk  evaporated  to  dryness  in  the  ordinary  way 
retains  with  tenacity  a  small  quantity  of  fat,  and  therefore  the  Wanklyn 
method  is  always  a  little  low.  The  results  of  the  Wanklyn  method  are 
better  with  milks  rich  in  fat  than  with  poor  or  skimmed  milk ;  in  the  latter, 
the  longer  the  total  solids  are  dried,  the  less  are  they  amenable  to  the 
influence  of  ether.  By  finely  dividing  the  milk,  as  for  example  by  mixing 
it  into  a  paste  with  plaster  of  Paris,  drying,  and  then  exhausting  in  a 
Soxhlet,  much  higher  results  were  obtained.  "Milks  so  highly  skimmed 
that  they  yielded  nothing  practically  by  Wanklyn's  method,  give  upwards 
of  *6  per  cent,  by  the  plaster  of  Paris  method  ; "  but  the  best  results  of  all 
were  obtained  by  an  ingenious  process  invented  by  Dr.  Adams — this  consists 
in  spreading  a  measured  or  weighed  quantity  of  the  milk  over  a  small 
coil  of  specially  prepared  blotting-  or  filter-paper.  Special  paper  cut  into 
strips  can  now  be  bought.  5  c.c.  of  the  milk  are  very  gradually  dropped  on  to 
the  coil,  distributing  it  as  evenly  as  possible ;  it  is  then  dried  at  100°  C.  and 
exhausted  by  ether  in  a  Soxhlet.  Sour  milks,  which  Dr.  Adams  has  proposed 
to  treat  with  ammonia  so  as  to  liquefy  them,  admit  of  analysis  by  means  of 
this  coil  without  such  addition.  In  the  latter  case  a  quantity  can  be 
weighed  out  in  a  tared  dish,  and  poured  on  to  the  coil,  the  dish  being  rinsed 
out  by  the  least  quantity  of  water  possible ;  the  washing  being  added  to 
the  coil. 

The  general  result  of  the  coil  process  is  that  it  gives  results  about  5 
per  cent,  higher  than  the  Wanklyn  method,  and  '2  per  cent,  higher  than 
the  plaster  of  Paris  method.  To  meet  the  obvious  objection  that  the  coil 
method  might  perchance  yield  something  to  ether  other  than  fat,  careful 
analyses  were  made  by  the  committee  of  the  ether-extracts,  both  from  the 
plaster  of  Paris  method,  and  from  the  coil  method  ;  but  in  both,  fat,  and 
fat  only,  was  found  to  be  extracted. 

(y)  Estimation  of  Milk-Fat  by  Centrifugal  Machines. — One  of  the  earliest, 
*  the  lactocrite,'  was  patented  by  Carl  G.  P.  de  Laval  (1885,  No.  8610).  The 
milk-fat  is  separated  from  the  milk  by  strongly  acidifying  and  rotating  the 
milk  in  a  special  tube  in  a  centrifugal  machine. 

The  tube  is  thus  described  in  the  specification — the  test  vessel  consists 
of  a  cylindrical  silvered  metallic  box  (a),  into  which  a  plug,  likewise  silvered, 
(b)  fits  accurately.  This  plug  is  turned  and  bored  hollow  from  the  bottom, 
Capering  towards  the  top  into  a  fine  hole  communicating  with  a  narrow 

>e  (c)  fixed  to  the  plug,  and  either  graduated  or  not  graduated.  This 
1  Analyst,  Jan.,  1886. 
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glass  tube  is  fixed  upon  the  plug  by  the  nut  (d)  received  into  the  socket  or 
holder  (e)  secured  to  the  plug  and  surrounding  the  tube,  and  provided 
with  opposite  openings  so  that  the  degrees  on  the  tube  may  l>e  read.  The 


Fkj.  33. 


nut  is  provided  with  a  hole  (g),  so  that  the  plug  and  the  tube  constitute 
conjointly  a  vessel  or  channel  open  atjboth  ends  (fig.  33). 


TABLE  XV 1 1 lh.—  Comparison  of  Centrifugal  Determinations  of 
Milk-Fat  with  Adams'  Prookssks.  1 


No.  of  i  Specific 
Samples  Gravity. 


1. 
2. 

3. 

4. 

5. 

6. 

7. 

8. 

P. 
10. 
11. 


1033*0 

1031*0 

1032*0 
1030*5 
1032*0 
1031-5 
1032*5 
1030-5 
1031  -0 
1034*0 
1035*0 


Total 
Solid*. 


12-  90 
14-12 

13-  12 
13-07 

12-  98 
14*27 
13*84 

13-  00 
13*51 
11-76 

9*99 


Lac- 
tocritu. 


3*40 
3T)0 
4 '55 
4-65 
3*60 
3*90 
3*80 
4*90 
4-20 
3-70 


Fat. 


Solids  not  Fat. 


Adams' 


3*44 


4-09 


3*57 
3*99 
3*76 
4*84 
4-26 
13-69  | 
4*05  I  4-09 
2-10  i  2*07  1 
•45      -502  I 


•  alculaU'd  hy 
,  Clausni/.cr  8 
i    Formula.  1 


3*42 

4-62 

3*62 
3*89 

3-  51 

4-  03 
1  'OS 
3*84 
4*14 
2*12 

•518 


Lar 
tocrite. 


5<» 
•40 
'57 
•47 
•52 
■17 
18 
■37 
64 
30 
•46  | 
66 
'54  ! 


I'alculatvdby 
Adams?  Cluusiiizer's 
Formula. 


9'46 

9-43 

9*55 
9-08 
9-22 
9-43 
9*58 
9*31 
9*42 
9*69 
9-488 


48 

50 

50 
18 
47 
64 
76 
16 
37 
64 
472 


Ash. 


•80 

•80 

•77 
-74 
•76 
•76 
•78 
•76 
•80 
•76 
•86 


The  milk  is  prepared  as  follows: — An  equal  volume  of  milk  and  a 
mixture  of  acetic  and  sulphuric  acids  (20  vol.  of  glacial  acetic  and  1  vol. 

1  See  also  Table  XV II Id. 
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cone,  sulphuric  acid)  are  placed  iu  a  test  tube  provided  with  a  cork,  through 
which  a  fine  glass  tube  (to  allow  for  expansion)  is  carried,  and  the  tube 
with  its  contents  is  then  heated  in  a  water-bath  for  live  or  six  minutes ;  the 
special  tube  is  then  charged  and  transferred  to  a  recess  on  a  metallic  disc 
(z),  previously  brought  by  hot  water  to  the  temperature  of  50°  C.  The  disc 
is  usually  fitted  with  twelve  such  recesses,  so  that  twelve  samples  of  milk 
may  be  operated  upon  at  one  and  the  same  time.  The  disc  is  rotated  at  a 
speed  of  6000  revolutions  per  minute ;  after  from  three  to  five  minutes  the 
milk-fat  will  have  risen  in  a  well-defined  layer ;  the  reading  is  done  at  once 
while  the  tubes  are  warm.  The  divisions  are  in  tenths,  thus  33*5  is  equal 
to  3 '35  per  cent,  of  fat  in  the  milk. 

The  lactocrite  is  not  much  used  now,  its  place  being  taken  by  various 
centrifugal  machines,  the  most  favoured  being  the  Leffman  and  Beam  and 
the  Lister-Babcock.  The  disc  in  these  does  not  require  to  be  kept 
specially  warm,  the  casein  is  brought  into  solution  by  strong  hydrochloric 
and  sulphuric  acids,  and  the  separation  of  the  fat  aided  by  a  certain  pro- 
portion of  amyl  alcohol.  There  are  printed  directions  supplied  by  the 
makers  of  each  instrument. 

(8)  SoxNeVs  Process, — F.  Soxhlet1  is  the  author  of  a  very  ingenious 
process  of  milk  analysis.    This  process  is  based  on  the  fact,  that  if  a 


bears  a  delicate  scale  of  from 
•766  to  '743,  and  it  has  also  a  thermometer,  divided  into  thirds  of  a 
degree.  200  c.c.  of  milk  are  measured  by  means  of  a  pipette,  and  run 
into  the  flask;  10  c.c.  of  potash  and  60  c.c.  of  ether,  which  has  been 
saturated  with  water  at  from  16°*5  to  18°*5  C,  are  then  added,  and  the 
i  ZeitsckHft  der  Landunrthseh.  Ver.  Bayem.  1880. 


measured  quantity  of  milk,  alkalised 
by  caustic  potash,  be  shaken  up 
with  ether,  the  ether  fully  extracts 
the  milk-fat,  and,  on  standing, 
collects  in  a  clear  layer.  A  small, 
quite  constant,  proportion  of  ether 
remains  in  solution  in  the  milk, 
without  retaining  any  of  the  fat, 
and  without  affecting  the  result. 
The  amount  of  the  fat  dissolved  in 
the  ether  may  be  determined  by 
the  specific  gravity  of  the  ether; 
the  higher  the  specific  gravity  the 
greater  the  proportion  of  milk-fat. 
The  details  of  Soxhlet's  method  are 
as  folio ws : 


Fig.  34. 


The  apparatus  figured  (see  fig. 
34)  is  used.  C  is  a  measuring 
flask  of  300  c.c.  capacity,  provided 
with  a  doubly  perforated  cork, 
and  connected,  on  the  one  hand, 
with  the  caoutchouc  elastic  bulbs 
figured,  which  are  furnished  with 
suitable  valves,  and,  on  the  other, 
with  the  tube  I),  which  is  provided 
with  a  water-jacket.  This  tube 
carries  an  areometer,  E,  which 
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whole  shaken  up  in  the  properly  closed  flask  for  a  quarter  of  an  hour. 
The  fluid  is  then  allowed  to  repose  until  the  ether  rises  in  a  clear  layer 
to  the  surface.  By  gently  working  the  caoutchouc  bulbs,  a  sufficient 
quantity  of  the  fat-laden  ether  may  now  be  blown  up  into  the  tube  D,  to 
float  the  areometer.  (It  should  be  mentioned  that  the  tube  going  through 
the  perforated  cork  of  C,  is  so  arranged  as  to  dip  well  into  the  ether,  but 
does  not  touch  the  surface  of  the  milk.)  The  areometer  must  float  freely, 
and  for  this  purpose  there  are  little  prominences  on  the  inside  of  D,  about 
the  middle,  for  the  purpose  of  keeping  the  instrument  from  adhering  to 
the  side.  When  sufficient  ether  has  thus  been  blown  up,  it  is  retained  by 
a  pinch-cock,  and  a  cork  is  fitted  into  the  tube  1),  to  prevent  loss  by 
evaporation.  The  water  in  the  jacket  must  be  of  any  temperature  between 
16**5  and  18**5  C.  The  specific  gravity  once  obtained  in  this  way,  and  the 
temperature  of  the  areometer  noted,  the  content  in  fat  of  the  milk  is 
determined  by  the  annexed  table  (p.  222). 

If  the  temperature  is  exactly  170,5  C,  then  no  correction  is  required ;  but 
if  it  is  above  that  temperature,  for  every  degree,  a  degree  must  be  added 
to  the  gravity ;  if  below,  for  every  degree,  a  degree  must  be  subtracted. 
Thus,  supposing  the  areometer  marks  58*9  at  16° -8  C,  then,  as  the  difference 
between  16°'8  and  17°*5  is  *7f  subtract  *7  from  58*9,  equalling  58*2;  or  if 
the  observation  be  47*6  at  180,4  C,  then  the  corrected  value  is  48-5  (i.e., 
specific  gravity  -74850). 

Afterwards  the  ether  is  allowed  to  run  back  iuto  the  flask,  and  D  is 
washed  out  with  a  little  ether.  The  authors  think  that  the  apparatus 
might  be  improved  by  adopting  the  principles  used  in  the  tube  figured  at 
p.  223,  and  floating  the  ether  layer  by  means  of  mercury. 

(e)  The  Werner-Schmidt  method  of  fat  estimation  gives  accurate  results. 
A  test  tube  of  50  c.c.  capacity  is  calibrated  in  cubic  centimetres  and 
tenths;  into  it  are  placed  10  c.c.  of  milk,  or  a  weighed  quantity  (say  5 
grms.)  of  cream,  10  c.c.  of  strong  hydrochloric  acid  added,  and  the  whole 
boiled,  with  shaking  until  the  liquid  forms  a  dark  brown  solution.  The 
tube,  with  its  contents,  is  rapidly  cooled  by  placing  it  in  cold  water ;  a 
known  volume  of  ether  is  added  by  filling  it  up  to  one  of  the  divisions, 
some  25  to  30  c.c.  of  ether  being  necessary.  The  contents  are  now 
vigorously  shaken  for  half  a  minute,  and  the  tube  is  allowed  to  stand  for 
five  minutes.  At  the  end  of  that  time  the  layer  of  ether  is  carefully 
read,  and  an  aliquot  part  pipetted  oft',  evaporated  to  dryness,  and 
weighed 

The  majority  of  analysts  now  prefer  to  exhaust  the  contents  of  the  tube 
with  several  quantities  of  ether  and  so  remove  the  whole  of  the  fat. 

If  a  measured  quantity  of  ether  is  to  be  used,  then  Stokes*  tube  (see  tig. 
34a)  is  the  most  convenient. 

If  the  whole  of  the  ether  with  its  contained  fat  is  to  be  removed,  one  of 
us  has  invented  the  following  apparatus,  which  will  be  found  convenient. 
The  apparatus  consists  of  a  small  mercury  reservoir  attached  by  means  of 
a  caoutchouc  tube  to  a  glass  bulb  of  convenient  capacity,  which  terminates 
in  a  two-way  stop-cock  connected  with  two  very  narrow  right-angled  tubes 
(see  fig.  34a).  The  prepared  milk  is  sucked  in  through  one  right-angled 
tube  by  lowering  the  reservoir;  the  vessel  in  which  the  milk  was  heated 
is  washed  with  ether  which  is  sucked  into  the  bulb,  the  mercury  is  nearly 
«11  run  out,  the  taps  turned  off  and  the  vessel  shaken,  then  allowed  to  stand ; 
the  ether  is  then  expelled  from  the  other  tube  by  raising  the  reservoir 
•carefully ;  in  this  way  the  whole  of  the  ether  which  has  risen  to  the  top 
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({)  Bah<  *k  Atbttto*  M*tho>.L — This  has  been  already  mentioned.  The 
cylinder  containing  the  dry  solids  is  extracted  by  anhydrous  ether  aud  the 
fat  weighed  after  distilling  uff  the  ether. 

Bitthaiisen't  Mtthv.L — 10  c.c.  of  milk  are  diluted  to  100  c.e.  with 
distilled  water,  5  c.c.  of  a  0  per  cent,  solution  of  copper  sulphate  are  added 
and  nearly  neutralised  by  sodium  hydrate.  The  precipitate  is  washed, 
dried,  and  extracted  with  ether. 

($)  Calculation  Meth**fo. — An  indirect  method  of  estimating  milk-fat 
has  been  proposed  by  F.  Clausnizer  and  A.  Mayer.  They  assume  that 
every  percentage  of  "milk  solids  not  fat "  raises  the  specific  gravity  -0037\ 


7\ 
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i 

y 


Fig.  34a. 

1,  Stokes*  tube  ;  2,  M.  W.  Blyth's  extraction  lmll>. 

whilst  every  1  per  cent,  of  fat  lowers  the  specific  gravity  "0010 ;  by  there- 
fore first  making  an  accurate  determination  of  the  specific  gravity,  and 
then  determining  either  fat  or  total  solids,  the  equation  can  bo  easily 
solved. 

x  =  fat. 


s= specific  gravity. 
t  =  total  solids. 


x  = 


H>0375+  1 
•00476" 


Richmond  suggests  the  following  formula  : — 

T  =  total  solids ;  Q  =  last  two  figures  of  sp.  gr.  (water  «  1000) ;  F  -  fat ; 
then, 

T  =  5.  + V-K  +  -H. 
4  o 

Richmond  has  calculated  out  a  table  (see  Appendix)  giving  percentage 
of  fat  if  total  solids  and  sp.  gr.  are  known.  A  milk  scalo,  known  as  Rich- 
mond's milk  scale,  is  a  useful  instrument  and  much  uwA. 
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%  141.        fxv4ox4  */r  Milk  Hugar — 

(a)  ftxlrarlum  of  tht  Milk-Sugar. — On  now  exhausting  a  fat-free  milk 
rtmvUui  by  weak  UAVinfe  al^hol,  filtering  the  alcoholic  fluid,  and  evaporat- 
ing to  drytieuM,  the  rnilk-HUgar,  with  mineral  matters  dissolved  out  by  the 
alcohol,  in  obtained,  TIiih  evajx^ration  is  best  effected  in  a  platinum  dish. 
On  drying  very  carefully,  weighing,  and  then  burning  the  sugar  away,  the 
a*h  in  left,  and  mult  \hs  weighed  and  subtracted  from  the  original  residue 
of  rnilk  Nugar  and  ash.  The  amount  of  sugar  is  thus  obtained  with  fair 
accuracy,  always  being  a  little  tori  high. 

(ft)  PolarimfttrU  Mdlwl*. — The  first  step  is  to  prepare  a  clear  whey. 
An  excellent  j*tj>cr  on  this  subject  was  published  in  1887  by  Dr.  W. 
Wiley,  the  chief  chemist  for  the  U.S.  Department  of  Agriculture.  He 
lined  the  following  reagents  for  the  precipitation  of  the  albuminoids : — 

(1.)  H»tumL<tf|  Holulion  of  )mmn  \w\  acetate. 

(21.)  Nitric  acid  ho!  11 1 ion  of  mercuric  nitrate  diluted  witli  an  equal  volume  of  water. 

(3.)  A<uitinanid,  H|»w:ilic  gravity  1*040. 

(4. )  Nitric  add,  Hiiccilic  gravity  1  *197. 

(6.)  Hulpliuriii  acid,  MjK^jfic  gravity  1*265. 

}<l,)  Haturati^l  mhit'um  of  wNiium  chloride. 

(7.)  HaturaUNl  Holution  of  magtieHiuin  Hulphate. 

(8.)  Holution  of  mercuric  iorlido  in  acetic  acid,  a  litre  of  the  solution  being  made  with 
161  grim  IlgOlg,  8Df>  gniut.  KI,  and  228  c.c,  of  acetic  acid. 

Wili»y  ultimaUOy  gives  the  preference  to  the  following  process: — A 
solution  of  mercuric  nitrate  is  prepared  by  dissolving  mercury  in  twice  its 
woight  of  nitric  acid  (sp.  gr.  1*42)  and  diluting  with  four  volumes  of  water. 
To  GO  c.o.  of  the  milk  are  added  10  c.c.  of  the  nitrate  solution  ;  the  mixture 
in  diluted  to  100  c.c,  well  shaken,  thon  filtered  through  a  dry  filter  and 
its  rotation  at  onco  observed.  The  volume  of  the  sugar  solution  must  be 
1  DefHirtmnUitl  drnmittrt  on  Milk  JleytUations,  1901,  Appendix  zxiv. 
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corrected  by  deducting  the  weight  of  fat  in  grammes  multiplied  by  1*075 
and  the  weight  in  grms.  of  the  proteids  multiplied  by  0*8. 

For  example,  a  sugar-containing  liquid  from  60  c.c.  of  a  milk  containing, 
8&y»  3  per  cent,  of  fat  and  3*5  per  cent,  of  proteids,  would  be,  after  dilution, 

100- (1-8  x  1-075  +  2-1  x0-8) 
=  100  -(1-935  +  1-68) 
=  96-38  c.c. 

Wiley  takes  the  specific  rotation  of  milk-sugar  as  (a)D  =  52'59 ;  the 
percentage  of  sugar  is  then  calculated  in  the  ordinary  way. 

Milk-sugar         =  ™>*d 
e  52-5  x  e 

d  =  angular  rotation  found,  and  e  -=  length  of  tube. 

96*38 

The  result  must  then  be  multiplied  in  the  case  given  by  -jqq-  t°  correct 
for  volume. 

This  will  give  the  hydrated  sugar  in  60  c.c.  of  milk,  or  if  anhydrous 
sugar  is  required  x  by  0*95,  which  will  give  weight  of  anhydrous  sugar  in 
60  c.c.  of  milk  or  in  60  grms.,  if  the  volume  is  multiplied  by  the  specific 
gravity. 

The  whole  calculation  may  be  expressed  thus : — 

»  1    1                      ,       .  ,  .     lOOxrf      100-(l-075  F  x-8  P) 
Anhydrous  milk-sugar  by  weight  =  — -  x  —   x 

DJj'u  X  I  Cc 

-95 
Sp.  Gr. 

Where  Q  =  quantity  of  milk  taken. 

F=*  Weight  of  fat  in  quantity,  Q,  of  milk. 
P=  Weight  of  proteids  in  quantity,  Q,  of  milk. 
I  =  Length  of  tube. 

Vieth'8  Method. — This  is  nearly  the  same  as  Wiley's.  Vieth,  however, 
uses  mercuric  nitrate,  prepared  by  dissolving  mercury  in  twice  its  weight 
of  nitric  acid  (sp.  gr.  1*42)  and  adding  an  equal  bulk  of  water. 

There  is  some  difficulty  in  obtaining  accurate  estimates  of  the  milk- 
sugar  in  human  milk,  the  filtrate  with  ordinary  precipitates  being  still 
turbid.  P.  Thebault 1  recommends  a  preliminary  precipitation  with  picric 
acid  and  glacial  acetic  acid  (picric  acid  10  grms.  per  litre,  acetic  acid  25 
c.c.  per  litre). 

Richmond  and  Carter  found  the  results  of  estimation  by  Fehling  and 
polarisation  unsatisfactory,  and  estimate  the  sugar  by  difference. 

(y)  Gravimetric  Methods. — The  proteids  and  fat  must  be  removed ;  this 
may  be  effected  by  copper  sulphate.  25  c.c.  of  the  sample  are  diluted 
with  400  c.c.  of  water  and  10  c.c.  of  a  solution  of  copper  sulphate  (34*64 
to  500  c.c.  of  water)  are  added  to  the  milk  made  almost  neutral  with 
sodium  hydrate.  If  O'Sullivan's  or  Wein's  method  is  to  be  used,  the 
original  25  c.c.  of  milk  must  be  diluted  to  250  c.c.  The  precipitate  is 
filtered  off  through  a  dry  filter. 

Weifi's  Method. — 60  c.c.  of  Fehling  are  mixed  with  twice  their  volume 
of  the  filtrate  obtained  as  above ;  before  mixing,  both  solutions  should  be 
heated  in  the  water  bath.  The  mixture  is  boiled  for  exactly  four  minutes 
1  Journ.  Pharm.  (6),  iv.  5, 
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and  filtered  through  a  Soxhlet  tube,  previously  plugged  with  asbestos  and 
weighed.  The  filtered  oxide  is  well  washed  with  water  and  reduced  to 
metallic  copper  in  a  current  of  hydrogen  gas  at  a  gentle  red  heat ;  or  the 
copper  may  be  dissolved  in  nitric  acid  and  deposited  electrolytically  on  a 
platinum  dish.    The  milk-sugar  may  then  be  calculated  from  Wein's  table. 

TABLE  XVIII*.—  Wein's  Table  for  Calculating  the  Weight  of  Milk-sugar 
from  the  Weight  of  Copper  Reduced. 


Milk- 
sugar. 

Co 

Milk- 
sugar. 

Milk- 
sugar. 

 i 

120 

86*4 

215 

158*2 

310 

232*2  1 

125 

90'1 

220 

161-9 

315 

236-1 

130 

93-8 

225 

165-7 

320 

240*0  1 

135 

97*6 

230 

169*4 

325 

243-9  , 

140 

101-3 

-235 

173*1 

330 

247*7  1 

145 

105*1 

240 

176*9 

335 

251*6 

150 

108-8 

245 

180*8 

340 

255-7 

155 

112-6 

250 

184*8 

345 

259*8 

160 

116-4 

255 

188*7 

350 

263*9 

165 

120-2 

260 

192*5 

355 

268-0 

170 

123-9 

265 

196*4 

360 

272-1 

175 

127-8 

270 

200*3 

365 

276-2 

180 

131*6 

275 

204*3 

370 

280-5 

185 

135-4 

280 

208  -a 

375 

*>S4'8 

190 

139*3 

285 

212-3 

380 

289*1 

195 

143*1 

290 

216-3 

385 

<>93-4 

200 

146-9 

295 

220*1 

390 

297-7 

205 

150-7 

300 

224*4 

395 

302-0 

210 

154-5 

805 

228*3 

400 

306-3 

Soxhlet's  method  only  differs  from  Wein's  in  minute  details.  O'Sullivan's 
method  is  also  similar,  and  has  been  already  described  at  p.  112. 

(8)  Volumetric  Methods. — These  have  been  already  described  at  pages 
114-115.  Most  of  the  methods  are  applicable  to  the  determination  of 
milk-sugar. 

§  142.  (e.)  Total  Proteids— 

KjeldahVs  Method. — The  nitrogen  is  determined  in  5  grms.  of  milk  by 
Kjeldahl's  method  (see  p.  97).  The  sulphuric  acid  is  added  directly  to 
the  milk,  which  need  not  be  evaporated. 

According  to  Munk,1  milk  contains  a  sensible  proportion  of  non-pro teid 
nitrogen,  from  -022  to  '034  per  cent,  in  cow's  milk  and  from  -014  to  *026 

Sr  cent,  in  human  milk.    The  American  Association  of  Official  Agricultural 
lemists  use  the  factor  6*25  to  convert  nitrogen  into  milk  proteids  instead 
of  the  usual  factor  6*38. 

Ritthamen's  Process. — To  10  c.c.  diluted  to  100  c.c.  are  added  5  c.c.  of 
6  per  cent,  sulphate  of  copper  solution.  The  solution  is  nearly  neutralised 
by  half  normal  soda  solution,  but  it  must  remain  slightly  acid  *  hence  the 
acidity  is  determined  carefully  on  another  sample  of  the  milk,  using 
phenolphthalein  as  indicator  before  adding  the  copper  sulphate,  so  that 
the  exact  quantity  of  sodium  hydrate  to  be  added  is  known.  The 
precipitate  is  washed  once  or  twice  by  decantation,  passing  the  washings 
through  a  tared  filter;  the  precipitate  is  next  transferred  to  the  same 
filter  and  well  washed.  The  nitrogen  in  the  filter  and  its  contents  may 
1  Journ.  Chem.  Soc.,  1894,  xi,,  196. 
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be  determined  by  KjeldahPs  method,  or  the  filter  with  contents  may 
be  dried  at  130*  C.  The  weight  found  is  that  of  proteids,  fat  and  mineral 
matter.  On  burning  to  an  ash  and  subtracting,  the  result  is  total  proteids 
and  fat  The  fat  having  been  already  obtained  by  other  methods,  the 
proper  quantity  of  fat  is  subtracted  from  this  weight,  which  then 
equals  the  proteids. 

Or  the  wet  filter  may  be  washed  with  alcohol,  extracted  with  ether  in 
a  Soxhlet  apparatus,  then  dried  and  weighed,  and  lastly  burned  to  an  ash ; 
on  subtracting  the  ash  the  total  proteids  are  obtained. 

Estimation  of  Casein  and  Albumen. — 100  c.c.  of  milk  are  divided  into 
three  equal  portions.  One  of  these  portions  is  diluted  to  about  four  times 
its  volume,  and  acidified  with  dilute  acetic  acid  until  the  casein  coagulates 
in  a  flocculent  condition  ;  a  current  of  carbon  dioxide  is  now  passed  through, 
and  the  precipitate  allowed  to  subside.  The  whey  is  then  carefully  syphoned 
off  on  to  the  second  portion  of  the  milk  :  more  acid,  if  necessary,  is  added  ; 
the  same  operation  repeated  ;  and  this  second  whey  similarly  added  to  the 
third  portion  of  milk.  Finally,  the  whole  of  the  casein  is  collected  on  a 
filter,  and  washed.  The  result  of  the  process  is,  that  the  albumen  from 
100  c.c.  of  milk  is  held  in  solution  in  about  250  to  300  c.c.  This  solution 
is  now  raised  to  the  boiling  point,  and  gently  boiled  for  a  few  minutes. 
The  whole  of  the  albumen  falls  down,  and  is  easily  collected  on  a  previously 
dried  and  weighed  filter.  This  easy  separation  of  the  casein  and  albumen 
by  acetic  acid  and  carbon  dioxide  only  applies  to  the  milk  of  the  cud- 
chewers  ;  with  human  milk,  the  milk  of  the  horse  or  of  the  ass,  the  process 
gives  no  good  result :  when  treated  in  the  same  way,  it  is  true  that  the 
casein  appears  to  coagulate,  but  is  in  a  state  of  such  fine  division  that 
nearly  all  of  it  remains  suspended  in  the  liquid,  and  filtration  through  paper 
becomes  impossible.  From  all  these  a  clear  filtrate  may,  however,  be 
obtained  by  filtration  under  pressure  through  one  of  the  Pasteur  or 
Berkfeldt  candles,  or  the  globular-shaped  vessels  formed  of  kaolin  and 
quartz,  as  described  by  W.  Pukall.  The  globular  shape  is  somewhat  better 
than  the  cylindrical.  In  all  these  cases  the  filtration  is  upwards  ;  by  means 
of  an  angle  tube  and  caoutchouc-pressure  tubing,  the  filter  is  attached 
to  a  mercury  or  water  pump.  The  milk  is  diluted,  acidified  with  acetic 
acid,  and  saturated  with  carbon  dioxide  as  before  ;  the  filter  is  then  totally 
immersed  in  the  dilute  acid  milk,  which  for  this  purpose  is  placed  in  a  tall 
beaker ;  a  good  vacuum  is  maintained,  and  ultimately  the  whole  of  the 
whey  passes  through,  and  tho  casein  may  be  washed  two  or  three  times 
with  water. 

This  method  has  been  modified  by  Ritthausen.1  10  grms.  of  milk  are 
diluted  with  90  c.c.  of  water  at  42°  to  43*  C.  and  1*5  c.c.  of  a  10  per  cent, 
solution  of  acetic  acid  added  ;  after  5  minutes  a  precipitate  of  casein  settles, 
the  albumen  remaining  in  solution. 

The  precipitated  casein  is  treated  with  alcohol  and  ether,  weighed  and 
burnt  up  to  an  ash  as  in  the  estimation  of  total  proteids.  The  albumen  is 
obtained  by  neutralising  the  filtrate  with  sodium  hydrate  and  adding  3  c.c. 
of  a  10  per  cent,  acetic  acid  solution,  boiling  for  15  minutes,  and  collecting 
on  a  tared  filter ;  or  the  N  in  the  albumen  may  be  estimated  by  Kjeldahl's 
process  and  the  N  found  multiplied  by  6*38. 

Sebelien's  Method. — Leffmann  and  Beam  have  slightly  modified  Sebelien's 
original  process  as  follows: — 10  c.c.  of  milk  are  mixed  with  a  saturated 
solution  of  magnesium  sulphate,  and  the  powdered  salt  added  to  saturation. 
1  Bet.  Chem.  Uesell.,  xxvi,  1169-1172, 
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The  mixture  is  washed  into  a  graduated  measure  with  a  small  amount 
of  the  saturated  solution,  and  made  up  to  100  c.c.  with  the  same  saturated 
solution,  mixed,  and  allowed  to  stand  until  separation  takes  place. 
As  much  as  possible  of  the  clear  solution  is  drawn  off  with  a  pipette  and 
passed  through  a  dry  filter.  Of  this  filtrate  an  aliquot  portion  is  taken, 
the  albumen  precipitated  by  tannin  solution  (prepared  by  dissolving  4 
grms.  of  tannin  in  190  c.c.  of  50  per  cent,  alcohol,  and  adding  8  c.c.  of 
acetic  acid  of  25  per  cent,  strength).1  The  nitrogen  in  the  tannin  pre- 
cipitate is  determined  by  Kjeldahl's  process.  Phospho-tungstic  acid  2  may 
be  used  as  a  precipitant  instead  of  tannin. 

Lehman' 8  Method. — This  method  has  the  advantage  over  others  in 
the  fact  that  no  reagent  which  may  cause  chemical  change  in  the  proteids 
is  added.  5  grms.  of  milk  are  poured  on  to  the  centre  of  a  porous  un- 
glazed  porcelain  plate,  previously  wetted  with  water.  In  about  an  hour 
and  a  half  the  serum  is  absorbed  by  the  plate,  the  casein  and  fat  remain- 
ing behind.  The  residue  is  scraped  off  the  plate  by  means  of  a  spatula, 
the  fat  extracted  with  ether,  and  the  remaining  casein  dried  and  weighed. 

§  143.  (/.)  The  Ash— 

The  ash  is  estimated  in  a  quantity  of  milk,  which  should  not  exceed 
25  c.c.  It  will  be  found  that  larger  quantities  do  not  at  all  conduce  to 
accuracy,  as  the  large  amount  of  carbon,  with  even  great  care,  develops 
too  much  heat,  and  the  phosphates  are  liable  to  fuse,  enclosing  little 
particles  of  charcoal  extremely  difficult  to  burn.  With  small  quantities, 
however,  the  milk  rapidly  burns  to  an  almost  white  ash.  It  may  be 
further  analysed  on  the  principles  laid  down  at  p.  93. 

If  porcelain  evaporating  dishes  are  used  there  will  be  little  fear  of  over- 
heating. A  good  method  is  to  char  the  ash  well,  extract  with  water  and 
evaporate  the  filtered  aqueous  extract  to  dryness  and  weigh,  after  igniting 
at  a  just  visible  red  heat.  This  gives  *  soluble  ash.'  The  insoluble  ash 
will  remain  mixed  with  carbon,  but  containing  no  volatile  chlorides.  This 
part  may  now  be  burned  up  to  a  white  ash  without  fear  of  loss.  Allen 
adds  to  the  black  char  a  few  drops  of  strong  sulphuric  acid  and  one  drop 
of  nitric  acid.  On  ignition  the  ash  will  be  obtained  white;  the  weight 
found  must  be  multiplied  by  '67  to  correct  for  chemical  action  of  sulphuric 
acid  on  the  mineral  constituents. 

§  144.  Citric  Acid  in  Milk. — Various  observers,  such  as  Henkel,* 
Scheibe,4  Vaudin,6  have  separated  citric  acid  in  quantities  of  from  05  to 
'11  per  cent,  from  cow's  milk;  these  observations  have  found  satisfactory 
confirmation  by  a  special  research  of  Alfred  Wohlk.6 

The  best  method  of  separating  citric  acid  from  milk  is  probably  to 
coagulate  the  milk  proteids  by  acid  mercuric  nitrate,  using  only  a  slight 
excess  of  the  precipitant.  After  filtering  off  the  proteids,  the  clear  whey  is 
neutralised  by  soda  solution,  and  heated  on  the  water  bath  for  some  time  ; 
a  white  precipitate  falls,  which  consists  of  mercury  and  calcium  phosphate 

1  Almen's  reagent. 

2  To  prepare  phospho-tungstic  acid  100  grms.  of  sodium  tungstate  are  dissolved  in  a 
litre  of  water  and  100  grms.  of  phosphoric  acid  solution  of  specific  gravity  1*13  added. 
The  mixture  is  boiled  and  acidified  with  HC1.  After  twenty-four  hours  the  whole  is 
filtered ;  the  filtrate  is  then  ready  for  use. 

'  Jahrcsbericht  der  Thitrchemie,  1889,  §  94. 

4  Landwirihschaftliche  Fcrsuchs-Stationen,  1891,  §  244,  164. 

5  Annate  dt  Vlnatitut  Pasteur,  viil,  502. 

6  Ueber  die  Einwirkung  yon  Brom  and  Kaliumpermanganat  und  Citronensaure 
fStahre's  Reaction)  and  den  Nachweis  yon  Citronensaure  in  Milch,"  von  Alfred  Wohlk. 

£etis.f.  analytische  CAemie,  1902,  79.3 
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and  citrate.  The  mercury  is  got  rid  of  by  acidifying  with  hydrochloric 
acid,  and  passing  a  current  of  SH2  through  the  liquid.  After  filtering  off  the 
mercuric  sulphide,  the  liquid  is  cooled,  a  solution  of  calcium  chloride  added 
and  exactly  neutralised  by  soda  solution,  using  decinormal  phenolphthalein 
as  an  indicator.  The  calcium  phosphate  falls,  the  calcium  citrate  remains 
in  solution.  On  filtering  off  the  phosphate  and  boiling,  calcium  citrate  is 
deposited. 

To  identify  the  salt,  a  little  of  it  may  be  dissolved  in  dilute  sulphuric 
acid  and  permanganate  solution  added  until  the  liquid  is  of  a  pink  colour. 
The  permanganate  oxidises  citric  acid  to  aceton-di-carbon  acid,  which  gives 
with  Deniges  reagent  (5  grms.  of  mercuric  oxide  dissolved  in  20  c.c.  of 
sulphuric  acid  and  made  up  to  100  c.c.  with  water)  a  crystalline  precipitate, 
S04Hg202HgC02(CH2COO),Hg. 

When  added  to  the  same  permanganate  solution,  a  few  drops  of  bromine 
water  produce  a  crystalline  precipitate  of  penta-bromaceton  (melting  point, 
73°  C). 

An  acid  organic  substance  which,  on  boiling  in  neutral  solution,  yields 
with  calcium  chloride  a  precipitate,  which  gives,  when  oxidised  with 
potassic  permanganate,  a  crystalline  precipitate  with  Deniges  reagent,  and, 
on  carrying  the  oxidation  a  step  forward,  forms  penta-bromacetone  with 
bromine  water,  must  be  citric  acid. 

To  estimate  citric  acid,  the  simplest  method  is  to  convert  the  calcium 
citrate  by  ignition  into  calcium  carbonate,  and  titrate  with  deci-uormal 
acid ;  or,  rather,  to  dissolve  the  carbonate  in  a  known  volume  of  the  acid, 
and  titrate  back  with  standard  alkali,  using  methyl-orange  as  the  indicator ; 
2  c.c.  of  d.n.  acid  equals  6*4  mgrms.  of  citric  acid. 

§  145.  Estimation  of  Urea. — The  estimation  of  urea  is  of  some  im- 
portance, since  any  disorder  interfering  with  the  action  of  the  kidneys 
throws  (as  has  been  well  ascertained)  an  excess  of  urea  on  all  the  secretions 
of  the  body.  A  known  quantity  of  milk,  which  should  not  be  less  than 
half  a  litre,  is  evaporated  with  constant  stirring  in  very  large  flat  dishes 
to  a  granular  condition.  The  fat  is  uext  extracted  by  dry  ether,  and  from 
the  fat-free  solids  the  urea  is  extracted  with  other  substances  by  absolute 
alcohol.  The  alcoholic  solution  is  evaporated  to  dryness;  and  from  this 
dry  residue  the  urea  may  be  further  purified  by  dissolving  in  alcohol. 
A  litre  of  milk  in  its  normal  state  yields  about  10  mgrms.  Urea  must  be 
identified  by  its  properties  as  follows : — 

It  is  crystalline,  crystallising  in  quadratic  prisms,  and  polarising  with 
a  gentle  blue  colour  under  the  microscope.  The  crystals  should  be  heated 
with  a  little  hydrate  of  baryta  in  a  closed  tube  to  200°  for  some  hours, 
when  a  very  definite  reaction  ensues,  ammonia  and  carbon  dioxide  being 
produced.  The  liquid  may  be  distilled,  and  ammonia  identified  by  the 
Nessler  test.  Carbonate  of  baryta  will  appear  as  a  precipitate,  and  may 
be  readily  examined,  converted  into  sulphate,  and  weighed  ;  1  part  of 
barium  sulphate  =  2574  urea.  A  convenient  method  of  identifying  urea 
is  also  to  dissolve  the  crystals  in  the  smallest  possible  quantity  of  water, 
and  then  to  add  a  drop  of  dilute  nitric  acid ;  the  nitrate  of  urea  is  pre- 
cipitated, and  can  be  identified  by  its  microscopic  characters.  Nitrate  of 
urea  crystallises  in  the  rhombic  system.  The  most  common  appearance  is 
that  of  large  plates,  many  of  which  lie  one  upon  the  other. 

§  146.  Vobitile  Acids. — Volatile  acids  may  be  separated  by  careful  dis- 
tillation in  a  vacuum,  first  acidifying  the  milk  by  tartaric  acid.  Acetic  acid 
in  small  quantities  is  invariably  present  in  fermented  milks ;  but  the  di&» 


230   foods:  their  composition  and  analysis.  [§§  147-149. 


tillate  of  normal  quite  fresh  milk  is  neutral.  In  milks  already  undergoing 
decomposition,  it  is  best  to  dilute  the  milk  slightly,  and  filter  through  an 
earthenware  cell,  and  then  distil.  Under  these  circumstances,  it  is  not 
necessary  to  distil  in  vacuo. 

§  147.  Estimation  of  the  Total  Acidity  of  Milk — Estimation  of  Lactic 

N 

Acid. — 100  c.c.  of  milk  are  placed  in  a  beaker  and  titrated  with  — 

alkali,  using  phenolphthalein  as  an  indicator  until  a  faint  pink  is  obtained. 
It  is  usual  to  call  each  c.c.  of  alkali  used  1°  of  acidity.  Normal  milk 
examined  twelve  hours  after  milking  usually  has  an  acidity  of  20°. 

Estimation  of  Lactic  Acid. — It  may  be  of  great  importance  to  make  an 
accurate  estimation  of  lactic  acid  in  milk.  The  following  method  may  be 
employed : — The  milk  is  dried,  exhausted  of  fat  by  carbon  disulphide,  then 
treated  with  an  alcoholic  solution  of  oxalic  acid,  filtered,  and  an  excess  of 
hydrated  oxide  of  lead  added.  Any  lactic  acid  now  contained  in  the  fluid 
will  be  present  in  solution  as  a  lactate  of  lead.  The  liquid  is  filtered, 
saturated  with  SHg,  and  again  filtered,  concentrated  by  evaporation,  and 
boiled  with  oxide  of  zinc ;  on  filtration,  evaporation,  and  standing,  crystals 
of  lactate  of  zinc  are  produced.  There  are  four  isomeric  lactic  acids ;  that 
which  is  obtained  from  milk  is  fermentation  lactic  acid,  also  termed 
'  ethylene  lactic  acid.'  The  zinc  salt  has  the  composition  2(C3H603)Zn  + 
3rLO.  It  crystallises  in  four-sided  prisms;  it  is  soluble  in  6  parts  of 
boiling,  58  of  cold  water.  It  is  nearly  insoluble  in  hot  or  cold  alcohol. 
100  parts  of  the  salt  contain  25*8  of  zinc  oxide.  Lactic  acid  itself  may  be 
obtained  in  a  very  pure  state  by  decomposing  the  zinc-salt  with  hydrogen 
sulphide,  when  the  acid  presents  itself  as  a  colourless,  strongly  acid  liquid. 
A  drop  of  this  acid,  placed  in  the  subliming  cell,1  and  heated  very  gradually 
above  200°  C,  gives  a  white  sublimate  of  lactide,  CgE^Og,  a  very  char- 
acteristic reaction.  If  the  heat  is  not  gradual,  this  sublimate  is  not 
obtained,  for  it  then  decomposes  into  carbon  dioxide  and  aldehyde. 

§  148.  Detection  of  Metals  in  Milk. — In  rare  cases  it  may  be  necessary 
to  test  for  such  metals  as  copper,  zinc,  lead,  mercury,  arsenic,  or  antimony 
in  milk. 

Non-volatile  metals,  such  as  copper  or  lead,  are  conveniently  sought 
for  by  the  ordinary  chemical  reactions  in  the  ash.  Volatile  metallic 
poisons,  such  as  arsenic  or  antimony,  may  be  looked  for  as  described 
in  testing  beer  for  arsenic.    Mercury  is  best  detected  by  Reinsch's  test. 

(7.  The  Analysis  op  Milk  for  the  Purpose  of  Detecting 
Adulteration. 

§  149.  The  various  methods  by  which  milk  may  be  adulteratedfare 
very  numerous.  The  analyst  may  have  to  detect  and  make  quantitative 
estimations  when  possible  of : — 

(1)  The  addition  of  water. 

(2)  The  abstraction  of  fat. 

(3)  The  addition  of  separated  milk. 

(4)  ,,       ,,      ,t  condensed  milk,  boiled  milk,  or  sterilised  milk. 

(5)  >»       »      „  gelatin. 

(6)  ,,       „         starch,  dextrin,  cane  sugar,  glucose,  or  invert  sugar. 

(7)  ,,       ,,  preservatives. 

(8)  „       ,,      ,,  colouring  matters. 

1  See  Poisons,  their  Effect  and  Detection,  by  A.  Wynter  Blyth. 


§149.]        EXAMINATION  AND  ANALYSIS  OF  MILK.  23 1 


(1  and  2.)  Added  Water  and  Abstraction  of  Fat — Providing  the  milk  is 
fresh  and  in  good  condition  the  analyst  will  have  to  determine  (a.)  specific 
gravity,  (b.)  fat,  (c.)  total  solids,  (d.)  solids  not  fat. 

(a.)  The  specific  gravity  may  be  takeu  as  already  described  and  corrected 
to  the  normal  temperature  by  the  table  on  page  216.  (b.)  The  fat  may 
be  determined  by  one  of  the  rapid  methods,  such  as  Leffmann  and  Beam's. 
(c.)  The  total  solids  may  be  calculated  from  Richmond's  table  (see  Ap- 
pendix), (d.)  The  *  solids  not  fat '  may  be  determined  by  subtracting  the 
percentage  of  fat  from  the  percentage  of  total  solids. 

With  many  milks  these  determinations  will  be  sufficient  to  decide 
whether  the  sample  is  genuine.  If  there  be  any  doubt,  the  total  solids 
and  ash  must  be  directly  determined,  care  being  taken  that  no  added 
mineral  in  the  ash  is  overlooked ;  the  fat  must  be  determined  by  the 
Werner-Schmidt  method,  or  by  means  of  an  Adam's  coil.  On  another 
portion  of  the  sample,  the  total  proteids  and  milk-sugar  must  be  estimated. 

The  direct  determination  of  the  total  solids  should  correspond  closely 
to  the  total  solids  calculated.  The  milk-sugar,  proteids,  and  ash  should  be 
in  the  average  ratio  calculated  by  Vieth,  i.e.,  13:9:2. 

If  this  relationship  be  much  disturbed,  or  if  the  ash  be  above  the 
normal  (*>.,  0  75  per  cent.)  the  milk  is  probably  abnormal.  In  abnormal 
milks  the  ash  is  often  high,  the  milk-sugar  usually  low.  Provided  that  the 
milk  be  not  abnormal,  the  analyst  has  now  figures  from  which  to  calculate 
the  percentage  of  added  water  and  the  percentage  of  fat  abstracted. 

The  percentage  of  added  water  is  calculated  upon  the  percentage  of 
'solids  not  fat.' 

8  X  100 

Percentage  of  added  water  =100  — 

where  s  =  '  solids  not  fat 1  in  the  sample,  and  y  =  the  '  solids  not  fat ' 
in  the  original  milk.  As  the  solids  not  fat  in  the  original  milk  are  but 
rarely  known,  some  standard  of  comparison  must  be  taken. 

In  taking  a  standard  of  comparison  a  clear  distinction  must  be  drawn 
between  the  average  composition  of  milk  and  the  minimum  amount  of  solids 
not  fat  and  fat  contained  in  genuine  milk. 

The  average  composition  of  milk  as  deduced  by  Vieth  and  Richmond 
from  200,000  analyses  is: — 

Per  cent. 


Water,   87*10 

Fat,   3*90 

Milk  sugar   4 '75 

Casein,   3 '00 

Albumen   '40 

Ash   75 


The  average  composition  of  milk  produced  for  sale  in  this  country  is 
according  to  the  Report  of  the  Departmental  Committee  on  Milk  and  Cream 
Regulations,  1901  : — 

Per  cent. 

Total  solids  12 -5-12*8 

Fat  3-7-4-0 

The  minimum  amount  of  solids  not  fat  found  in  the  mixed  milk  of  a 
herd  of  cows,  such  as  are  kept  in  this  country,  is  best  illustrated  by 
Richmond's  figures.    He  has  shown1  that  only  in  2*19  per  cent,  of  the 
samples  are  the  *  solids  not  fat 1  likely  to  fall  below  8*5  per  cent. ;  in  only  -3 
1  Dairy  ChemUtry,  1901,  p.  122. 
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per  cent,  of  the  samples  are  they  likely  to  fall  below  8*4  per  cent.,  and  even 
in  these  cases,  at  least  '5  per  cent,  of  nitrogen  and  *7  per  cent,  of  ash  will 
be  found. 

The  minimum  amount  of  fat  in  the  mixed  milk  of  a  herd  of  cows  will 
be  rarely  found  to  fall  below  3  per  cent. 

The  milk  of  individual  cows  will  naturally  present  greater  variations 
than  the  mixed  milk  of  many  cows,  and  before  deciding  whether  the  milk 
of  an  individual  cow  has  been  watered  or  skimmed,  the  analyst  will  have  to 
take  into  consideration  the  circumstances  discussed  later  on. 

The  minimum  amount  of  *  solids  not  fat1  contained  in  milk  for  the 
purposes  of  the  Sale  of  Food  and  Drugs  Act  has  been  fixed  in  this  country 
at  8*5  per  cent.,  so  that  the  formula  for  calculating  the  added  water  becomes 

added  water  =100-  ^n£9. 

8*5 

If,  however,  it  is  necessary  to  calculate  the  probable  amount  of  water 
added,  it  is  better  to  divide  by  8*9  than  by  8*5. 

Richmond  considers  that  a  truer  estimate  of  the  real  percentage  of 
added  water  is  obtained  by  using  the  following  formula — 

added  water  - 100  -  %±I  1 00, 

where  G  equals  degrees  of  gravity  in  whole  numbers,  less  1000:  thus 
1032  =  32  and  /=  percentage  of  fat. 

M.  Lescoeur  has  proposed  the  following  method  of  detecting  added 
water : — 

The  milk  is  coagulated  by  adding  to  it  a  trace  of  rennet,  the  whey 
filtered  off  and  collected. 

The  specific  gravity  at  15°  C.  and  the  total  solids  of  the  whey  are 
estimated. 

The  specific  gravity  of  normal  milk  whey  varies  from  1*029  to  1031,  and 
the  total  solids  from  6*7  to  7*1  per  cent. 

If  the  specific  gravity  falls  below  1*027  and  the  total  solids  below  6  7 
per  cent,  he  considers  the  sample  watered. 

A.  J.  Woodmann 1  proposes  a  method  similar  to  the  above.  To  100  c.c. 
of  milk  2  c.c.  of  acetic  acid  (sp.  gr.  1*035)  are  added.  The  mixture  is 
heated  to  70°  C.  for  20  minutes,  then  placed  in  cold  water  for  ten  to  fifteen 
minutes,  filtered,  and  the  sp.  gr.  determined.  Pure  milk  serum  has  a  sp. 
gr.  of  1*029 ;  every  10  per  cent,  of  added  water  causes  a  decrease  of  *0031 
in  sp.  gr. 

The  percentage  of  fat  abstracted  is  calculated  on  the  percentage  of  fat 
contained  in  the  sample. 

Per  cent,  of  fat  abstracted  =  where  /1  =  fat  in  original  milk 

A 

and  /2  =  fat  in  sample. 

The  fat  in  the  original  milk  is  not  usually  known,  so,  as  already  ex- 
plained, some  standard  of  fat  is  taken. 

The  standard  for  milk  fat  in  this  country  has  been  fixed  for  the  purposes 
of  the  Sale  of  Food  and  Drugs  Act  at  3  per  cent.,  so  that  in  calculating  fat 
abstracted  for  the  purpose  of  certifying  under  this  Act,  fY  must  be  taken 
as  3*0. 

1  Journ.  Amer.  Chem.  Soc,  xxi.,  503-508. 
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If  the  amount  of  fat  that  has  probably  been  abstracted  is  required  it 
will  be  better  to  take  fx  as  3*9  instead  of  3*0. 

It  must,  however,  be  remembered  that  there  are  considerable  variations 
of  fat  in  genuine  milks,  and  that  the  amount  of  milk  fat  is  often  much 
higher  than  3*9 

§  150.  (3.)  Adulteration  with  Separated  Milk. — The  adulteration  of  whole 
milk  with  milk  from  which  a  large  portion  of  the  fat  has  been  abstracted, 
is  the  most  common  of  all  adulterations.  To  what  an  extent  this  is  done 
may  be  seen  by  comparing  the  milk  as  supplied  by  farmers  with  the  milk 
sold  by  retailers  in  any  large  town. 

This  form  of  adulteration  can  only  be  detected  when  the  original 
composition  of  the  milk  is  known,  or  when  the  fat  in  the  milk  falls  below 
the  standard  taken. 

§  151.  (4.)  The  Adulteration  of  Fresh  Milk  faith  Unsiceetened  Cowlenmi 
Milk,  Boded  Milk,  or  Sterilised  Milk. — This  has  been  studied  by  Faber,  and 
also  by  Messrs.  Droop  Richmond  and  Boseley.1  The  original  suggestion  of 
Faber,  that  this  might  be  detected  by  the  diminished  amount  of  soluble 
albumen  in  milk,  has  been  confirmed  by  Richmond  and  Boseley.  They  find 
the  percentage  of  soluble  albumen  in  fresh  milk  to  vary  from  0*41  to  0*45 
per  cent.,  as  estimated  by  Sebelien's  method  of  separating  casein  and 
albumen  (see  page  227). 

C.  H.  Stewart  gives  the  following  table,  showing  the  percentage  of 
soluble  albumen  in  milk  which  has  been  raised  to  various  temperatures : — 


Time  of  Heating. 


10  minutes  at  60°  C,  . 
30  „ 


10 
30 
10 
30 
10 
30 
10 
30 


05°  C.,. 
70*  C.,'. 
75°  C.,'. 
8<T  C.,'. 


Soluble  Albumen 
in  Fresh  Milk. 


•423 

•435 

•395 

•395 

•422 

•421 

•380 

38 

•375 

•375 


Soluble  Albumen 
in  Heated  Milk. 


•418 

•4-27 

•362 

•333 

•269 

•253 

•07 

•05 

none 

nom.* 


The  following  test  will  also  be  found  useful : — If  to  5  c.c.  of  milk  about  A 
gramme  of  paraphenylene-diamine  be  added,  and  then  two  drops  of  10 
per  cent.  H202  solution,  fresh  milk  gives  a  blue  colour ;  pasteurised  milk, 
faint  blue ;  sterilised  milk  no  colour. 
(5.)  Gelatin,  see  page  270. 

(6.)  Starch — Dextrin. — These  will  be  readily  detected  by  their 
characteristic  reactions  with  iodino. 

Cane  Sugar — Glucose — Invert  Sugar — See  Condensed  Milk  (p.  264). — 
For  the  simple  qualitative  detection  of  cane  sugar  in  milk,  Cotton's  method 
may  be  used  : — 10  c.c.  of  the  milk  to  be  tested  are  mixed  with  5  grms.  of 
powdered  ammonium  molybdate  and  10  c.c.  of  dilute  HC1  (1  in  10).  A 
second  tube  containing  milk  free  from  cane  sugar  is  treated  in  the  same 
manner.  The  two  tubes  are  placed  in  a  water  bath  and  gradually  heated. 
At  about  80°  C.  the  milk,  if  it  contain  cane  sugar,  becomes  blue,  the 
control  tube  showing  but  little  colour. 

1  Analyst,  July,  1893. 
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§  152.  (7.)  Preservatives. — The  substances  most  frequently  added  to 
milk  in  order  to  preserve  it  for  a  short  time  are  borax  and  boracic  acid. 
Usually  mixtures  of  these  two  substances  are  sold  to  farmers  and  dairymen 
under  trade  names,  such  as  4  Arcticanus/  4  Conservine/  'Glacialine/ 
4  Preser vitas/  and  others.  The  majority  of  these  contain  10  to  20  per 
cent,  of  borax  (Na^OflOHgO)  and  70  to  80  per  cent,  of  boric  acid 
(H8B08). 

Next  in  importance  to  boron  compounds  is  a  40  per  cent,  solution  of 
formic  aldehyde,  known  as  *  Formalin,'  and  sold  as  such  or  under  various 
trade  names,  such  as  *  Lactic  fluid/  4  Steryl/  etc. 

Other  preservatives  which  have  been  used  from  time  to  time  are  : — 
Salicylic  acid  and  sodium  salicylate,  sodium  chloride  and  sodium 
carbonate,  potassium  nitrate,  sodium  fluoride,  sodium  fluosilicate,  fluoboric 
acid  and  fluoborates,  /3-naphthol,  glycerin,  sodium  benzoate. 

Richmond1  describes  a  curious  preservative  labelled  thus 

consisting  of  12J  per  cent,  free  boric  acid,  13  per  cent,  of  salicylic  acid, 
combined  with  soda  and  magnesia  in  glycerin  solution,  a  bitter  principle 
being  also  present. 

§  153.  The  Detection  and  Estimation  of  Preservatives  in  Milk. — A 
method  applicable  to  all  preservatives  and  capable  of  dealing  rapidly  with  a 
large  number  of  samples  is  as  follows : 3 — 

Measure  out  10  c.c.  of  each  sample  of  milk  into  wide  clean  test  tubes. 
Add  to  one  test  tube  as  a  control  10  c.c.  of  milk  known  to  be  free  from 
preservatives.  Then  to  the  control  and  each  of  the  others  add  1  c.c.  of  a 
strong  litmus  solution  ;  examine  the  colour  of  all  the  tubes,  and  if  they  are 
not  the  same  shade  of  blue  make  them  so  by  adding  drop  by  drop  a  half 
normal  solution  of  sodium  carbonate,  heat  in  boiling  water  for  10  minutes, 
allow  to  cool,  then  inoculate  each  tube  with  '5  c.c.  of  a  very  dilute 
solution  of  sour  milk  in  water.  Place  the  tubes,  plugged  with  cotton-wool, 
in  an  incubator  at  about  20*  C.  The  control  milk  will  become  white  in 
about  24  hours,  while  those  tubes  containing  preservatives  will  remain  blue 
or  pink,  the  shade  varying  with  the  quantity  present. 

§  154.  Borax — Boric  add — Detection, — Evaporate  down  5  or  10  c.c.  of 
the  milk  previously  made  alkaline,  thoroughly  char  the  residue,  boil  the 
char  with  a  little  water,  then  acidify  with  HG1  and  dip  in  either  ordinary 
turmeric  paper,  or  turmeric  paper  which  has  been  dipped  in  oxalic  acid 
solution  and  dried ;  dry  the  turmeric  paper  over  a  flame ;  it  will  become 
pink  changed  to  olive  green  or  blue  by  alkalies,  if  boric  acid  be  present. 
The  test  with  oxalic  acid  turmeric  papers  is  a  modification  of  a  test  proposed 
by  Cassal  and  Gerrans,8  and  will  be  found  far  more  delicate  than  the 
ordinary  turmeric  method.  Or  to  the  ash  a  little  glycerin  may  be  added, 
the  mixture  stirred  with  a  glass  rod,  and  a  portion  on  the  loop  of  a  platinum 
wire  introduced  into  the  Bunsen  flame,  and  examined  by  the  spectroscope, 
when  the  bands  peculiar  to  boracic  acid  will  be  seen,  and  may  be  compared 
with  the  spectrum  of  pure  boracic  acid.  Or  the  ash  may  be  decomposed  by 
pure  sulphuric  acid,  a  little  alcohol  added;  on  heating  and  setting  the 
vapour  alight  a  transitory  green  flame  is  observed. 

Quantitative  Estimation  of  Boric  Aci*l*  (Moissan's  method). — The  borate 

1  Departmental  Committee  on  Food  Preservatives,  etc.,  1901,  Appendix  xxxi. 

2  Meredith  Wynter  Blyth,  Analyst,  vol.  xxvi.,  148. 
*  British  Food  Journal,  October  1902. 

4  H.  Moissan,  Comptes  JRendus,  1893,  cxvi.,  1087. 
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is  put  into  a  small  flask  and  heated  by  means  of  a  calcium  chloride  bath 
with  1  c.c.  of  nitric  acid.  The  mixture  is  distilled  to  dryness.  (The 
distillate  is  best  received  in  strong  ammonia  solution.)  The  flask  is  cooled ; 
10  o.c.  of  methyl  alcohol  added,  1  c.c.  of  water,  and  1  c.c.  of  nitric  acid, 
and  the  mixture  again  distilled  to  dryness ;  this  operation  is  repeated  three 
or  four  times  until  the  complete  distillation  of  the  methyl  borate  is 
rendered  certain  by  testing  a  drop  of  the  distillate.  The  distillate  is 
poured  on  to  from  8  to  10  grms.  of  calcium  oxide  (made  by  igniting  calcium 
nitrate)  evaporated  to  dryness  on  the  water  bath,  and  then  the  crucible 
ignited  in  a  muffle  or  before  the  blowpipe,  so  as  to  convert  it  into  calcium 
oxide  and  calcium  borate ;  the  gain  in  weight  is  B2Os.  The  residue  should 
in  all  cases  be  tested  for  calcium  carbonate ;  this  may  easily  be  present 
from  insufficient  ignition. 

Hehner  prefers  to  distil  directly  into  a  measured  volume  of  standard 
sodium  phosphate  solution,  which  is  then  evaporated  and  ignited.  The 
increase  in  weight  is  due  to  boric  acid. 

A  better  method 1  probably  is  that  which  is  based  upon  the  volatility  of 
ammonium-boron-fluoride.  The  borate  (Reischle)  is  mixed  with  six  times 
its  bulk  of  sublimed  ammonium  fluoride  in  a  platinum  crucible  and  warmed 
for  some  time  so  as  to  volatilise  the  greatest  part  of  the  ammonium-boron- 
fluoride.  After  cooling,  sulphuric  acid  is  added,  and  the  excess  of  sulphuric 
acid  with  the  remnant  of  fluoride  got  rid  of  by  heat.  In  this  way  an  ash 
is  obtained  containing  sulphates,  but  free  from  boric  acid.  To  a  milk  ash 
it  would  be  advisable  to  add  some  caustic  lime  before  adding  the  ammonium 
fluoride. 

Parmentier 2  divides  a  solution  of  boric  acid  in  either  hydrochloric  or 
sulphuric  acid  in  two  equal  parts,  and  estimates  the  acidity  in  the  one  by 
using  helianthin  as  an  indicator,  in  the  other  by  litmus,  with  soda,  since 
boric  acid  is  insensible  to  helianthin;  the  difference  between  the  two 
titrations  he  considers  equals  the  contents  of  boric  acid. 

R.  T.  Thomson3  has  also  proposed  a  method  of  titrating  boric  acid, 
utilising  the  fact  that  an  aqueous  solution  of  boric  acid  is  neutral  to 
methyl-orange  and  slightly  acid  to  phenolphthalein,  and  this  will  be  found 
the  best  method  to  use  in  ordinary  cases.  Wo  have  made  a  large  number 
of  determinations  by  this  method,  and  find  that  with  care  the  estimation 
is  very  accurate.  Make  100  c.c.  of  the  milk  distinctly  alkaline  with 
caustic  soda,  and  evaporate  to  dryness  in  a  platinum  dish.  Char  the 
residue,  heat  with  20  c.c.  of  water  and  add  hydrochloric  acid  drop  by 
drop  until  only  carbon  is  left  undissolved.  Transfer  the  liquid,  which 
should  not  measure  more  than  50  c.c.  to  an  100  c.c.  flask.  Add  about  '5 
gramme  of  dry  calcium  chloride.  Add  a  few  drops  of  phenolphthalein 
solution,  then  run  in  a  10  per  cent,  solution  of  caustic  soda  until  a 
permanent  pink  colour  is  obtained,  then  add  25  c.c.  of  saturated  lime 
water.  Make  up  the  total  bulk  to  100  c.c;  shake  well,  filter  through  a 
dry  filter  into  a  50  c.c.  flask.  Treat  this  50  c.c.  as  follows  : — Add  normal 
H2S04  until  the  pink  colour  disappears,  then  a  few  drops  of  methyl-orange, 
then  the  acid  until  the  yellow  colour  just  changes  to  pink.    Add  very 

carefully  ^-  NaOH  until  the  yellow  just  returns.    Boil,  cool,  add  as  much 

0 

glycerin  as  will  give  about  30  per  cent,  of  this  substance.    Titrate  with* 

1  Zcit.f.  anal.  Chem.,  1894,  373. 

2  CompUs  Rend  us,  cxiii.,  41. 

3  Journ.  80c.  Chem.  Ind.,  xiu,  432.    Analyst,  July,  1893. 
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~  NaOH  until  a  permanent  pink  colour  is  obtained.    Each  1  c.c.  ^  XaOH 

-  '0124  boric  acid,  or  '007  B208. 

§  155.  Formaldehyde  in  Milk. — 'Formalin,'  a  40  per  cent,  solution  of 
formaldehyde,  is  used  at  the  present  time  as  an  antiseptic;  15,000  gallons 
of  formalin  are  stated  to  have  been  sold  to  milk  vendors  in  1894.  The 
amount  added  is  about  5  ozs.  of  formalin  to  a  gallon  of  milk,  equalling  in 
a  litre  to  about  21  mgrms.  of  formaldehyde  ;  extended  experience  has 
shown  that  it  preserves  milk  for  several  days  with  but  little  change. 
R.  T.  Thomson  found  that  a  sample  of  milk,  to  which  35  grains  of  formalin 
per  gallon  had  been  added,  contained  at  the  end  of  eight  days  0*07  per 
cent,  lactic  acid,  and  at  the  end  of  eleven  days  0*10  per  cent,  of  lactic 
acid,  the  same  milk  untreated  yielded  0*68  and  0*71  per  cent,  lactic  acid 
respectively. 

Formalin  must  be  looked  for  in  the  sample  directly  it  arrives,  as  it 
disappears  rapidly  from  milk  (see  also  Colouring-Mattery  p.  241).  The 
best  test  for  formalin  is  Hehner's  : — Take  10  c.c.  of  milk  in  a  test  tube, 
add  one  drop  of  ferric  chloride  solution,  and  dilute  the  milk  to  about 
30  c.c. ;  pour  concentrated  sulphuric  acid  down  the  side  of  the  tube,  so 
as  to  form  a  layer  at  the  bottom  of  the  milk.  A  violet-blue  ring  will  be 
formed  at  the  junction  of  the  liquids,  if  formic  aldehyde  is  present.  The 
following  confirmatory  tests  may  be  applied  to  a  distillate  from  the 
slightly  acidified  milk: — 

To  the  fluid  supposed  to  contain  formaldehyde  is  added  0*5  c.c. 
dimethyl-aniline,  acidified  with  a  few  drops  of  sulphuric  acid,  and  after 
shaking  heated  on  the  water-bath  for  half  an  hour.  The  solution  is  then 
alkalised  and  boiled  until  the  smell  of  dimethyl-aniline  has  disappeared. 
The  liquid  is  filtered  through  a  small  filter,  and  the  filter  washed  a  few 
times  with  water ;  it  is  then  opened,  spread  on  the  bottom  of  a  porcelain 
dish,  moistened  with  acetic  acid,  and  finely-powdered  peroxide  of  lead 
added;  a  blue  colour  will  appear  if  formaldehyde  is  present. 

For  both  the  detection  and  quantitative  estimation  of  formaldehyde 
the  reaction  with  aniline  can  be  utilised.  The  solution  of  formaldehyde 
is  dropped  slowly  into  aniline  solution  (0*3  per  cent,  strength)  and  a  pre- 
cipitate forms  of  anhydro-formaldehyde-aniline,  C6H6NCH2,  according  to 
the  reaction 

C6H6NH2+CH20  =  C6H5NCH2+H2G. 

After  forty-eight  hours,  the  precipitate  is  filtered  off,  dried  at  40°  C,  and 
weighed.  Although  the  precipitate  forms  in  solutions  of  so  feeble  strength 
as  1  :  20,000,  and  the  compound  is  3*5  times  heavier  than  the  original 
formaldehyde,  it  is  doubtful  whether  the  minimal  quantities  of  formal- 
dehyde added  to  milk  can  be  satisfactorily  estimated  by  this  or  any  other 
process  which  entails  actual  weighing. 

Richmond  and  Boseley  have  proposed  to  test  the  milk  distillate  by 
diphenylamine.  A  solution  of  diphenylamine  in  water  is  made  by  the 
aid  of  a  little  sulphuric  acid.  The  distillate  is  added  to  this  solution  and 
boiled ;  in  the  presence  of  formaldehyde  a  white  flocculent  precipitate  is 
deposited,  often  coloured  green  if  the  acid  contained  nitrates.  Schiffs 
reagent  is  useful  for  testing  for  formalin ;  it  is  a  solution  of  magenta 
bleached  by  sulphurous  acid ;  excess  of  sulphurous  acid  must  be  avoided. 
In  presence  of  an  aldehyde  SchifFs  reagent  produces  a  pink  colour.  If, 
therefore,  to  a  distillate  made  acid  with  one  or  two  drops  of  hydrochloric 
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acid,  Setoffs  reagent  produces  a  pink  colour,  it  is  a  sigu  that  a  volatile 
aldehyde  is  present. 

Mr.  Bevan 1  has  shown  that  quite  small  quantities  of  formalin  increase 
the  total  solids  of  milk.  In  cases  where  only  a  few  drops  of  formalin 
have  been  added,  the  increase  will  not  amount  to  more  than  0*2  per  cent., 
but  large  quantities  would  appear  to  increase  the  weight  considerably; 
thus  Mr.  Bevan  evaporated  5  c.c.  of  a  mixture  of  equal  parts  of  milk, 
sugar,  and  albumen,  and  obtained  a  residue  of  7*59  total  solids  per  cent. 
On  evaporating  down  the  same  quantity  with  the  addition  of  1  c.c.  of 
formalin,  the  total  solids  rose  to  9*29  per  cent.,  a  difference  of  1'7.  Part 
of  the  increase  may  be  due  to  a  polymer,  and  part  to  conversion  of  milk- 
sugar  into  galactose. 

Formaldehyde  is,  without  a  doubt,  poisonous,  and  the  question  has 
to  be  discussed  as  to  whether  it  is  permissible  to  preserve  articles  of  daily 
food,  such  as  milk,  by  its  addition.  The  Departmental  Committee  on 
Food  Preservatives,  etc.,  1901,  recommend  that  the  addition  of  formalin  to 
milk  shall  be  absolutely  prohibited. 

Trillat  and  Berlioz  2  have  shown  that  0*8  grm.  injected  in  a  single  dose 
subcutaneously  into  guinea-pigs  produces  rapid  death ;  poisonous  effects, 
but  not  fatal,  are  produced  by  quantities  of  from  0*53  to  0*66  grm.,  while 
0'038  grm.  produces  no  apparent  symptoms.  It  is  evidently  excreted  by 
the  kidneys,  for  the  urine  of  animals  thus  treated  does  not  putrefy  like 
other  urine. 

If  it  affects  man  in  anything  like  the  same  proportion  as  guinea-pigs, 
a  man  weighing  68  kilos.  (150  lbs.)  would  require  to  take  in  a  single  dose 
about  17  grms.  in  order  to  produce  any  appreciable  effect,  and  probably 
even  more  than  this,  for  organic  poisons  generally  act  less  energetically 
when  swallowed  than  when  introduced  directly  into  the  circulation  or 
beneath  the  skin.  It  follows  then  that  from  20  to  30  mgrms.  per  litre 
of  formaldehyde  are  not  likely  to  be  poisonous ;  but  whether  an  antiseptic 
of  this  kind  taken  daily,  even  in  small  doses,  will  render  the  milk  less 
easily  assimilable  or  nutritious  is  not  known.  Many  interesting  experi- 
ments on  formic  aldehyde  in  food  will*  be  found  in  the  Appendix  to  Report 
of  Departmental  Committee  on  Foo<l  Preservatives,  etc.,  1901. 

§  156.  Estimation  of  Formic  Aldehyde. — Commercial  milks  contain, 
when  preserved  with  formic  aldehyde,  from  -0002  per  cent,  to  *006  per  cent ; 
O01  per  cent,  is  considered  as  the  maximum  in  the  Government  Laboratory, 
but  as  milks  are  examined  there  late,  by  the  time  the  Government  chemists 
analyse  the  milk  much  of  the  aldehyde  must  have  disappeared. 

The  estimation  must  bo  made  as  rapidly  as  possible,  owing  to  the 
destruction  of  the  aldehyde  by  micro-organisms.  The  following  process 3 
may  be  used  : — 

A  bulb  of  about  fifty  cubic  centimetres  capacity  is  blown  on  a  piece  of 
soft  glass  tubing  of  about  ^-inch  bore ;  one  end  of  the  glass  tube  is  drawn 
out  close  to  the  bulb  into  a  capillary  tube  and  turned  at  right  angles  to 
the  bulb ;  the  tube  at  the  other  side  of  the  bulb  is  also  turned  at  right 
angles  to  the  bulb  (see  fig.  34/;). 

Ten  cubic  centimetres  of  the  milk  to  be  examined  are  introduced  into 
the  bulb  and  made  slightly  acid,  if  the  milk  is  not  already  sour.    The  end 

1  Analyst,  July,  1895.  2  Camp.  Rend,  t  cxiv.,  1892. 

3  "The  Detection  and  Estimation  of  Preservatives  in  Milk,"  by  Meredith  Wynter 
Blyth,  Analyst,  xxvl,  503.  Meredith  Wynter  Blyth  and  W.  L.  Alton,  British 
Sanitarian,  vol.  i.,  9. 


238        foods:  their  composition  and  analysis.    [§  156. 


of  the  capillary  tube  is  now  sealed  up.  The  bulb  is  completely  immersed 
in  a  paraffin  bath,  and  the  open  tube  connected  with  a  very  short  rubber 
connection  with  a  series  of  bulbs  containing  each  five  cubic  centimetres  of 
water.  The  bulbs  are  placed  in  a  bath  containing  cold  running  water. 
The  paraffin  is  then  heated  to  120*  C,  and  the  milk  distilled  nearly  to 
dryness ;  frothing  up  the  tube  when  it  occurs  can  easily  be  prevented  by 
warming  the  tube  with  a  burner.  When  the  milk  is  nearly  dry  the 
capillary  tube  is  broken  at  the  end,  and  a  slow  and  steady  current  of  air 
aspirated  through  the  apparatus  by  means  of  a  water  pump,  the  temperature 
of  the  paraffin  is  allowed  to  rise  until  it  reaches  200°  C,  and  kept  at  this 
temperature  for  at  least  15  minutes.  The  bulbs  are  then  disconnected, 
s.nd  the  second  bulb  tested  for  formic  aldehyde ;  none  will  be  found  unless 
the  original  solution  contained  a  very  large  amount ;  should  there  be  any 
present  it  must  be  estimated,  and  the  third  bulb  tested. 

The  first  bulb  is  washed  out  with  distilled  water,  the  whole  bulk 
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should  not  be  more  than  twenty  cubic  centimetres,  two  drops  of  litmus  are 
added,  and  a  few  drops  of  decinormal  sodium  carbonate  solution  until 
neutral. 

A  weak  standard  solution  of  formic  aldehyde  is  now  prepared. 

This  is  best  effected  by  standardising  a  fairly  strong  solution  of  formic 
aldehyde  either  by  Romijn's  iodine  method  or  his  cyanide  process ; 1  the 
latter  is  as  follows : — 

Ten  cubic  centimetres  of  a  decinormal  solution  of  silver  nitrate  are 
mixed  with  ten  cubic  centimetres  of  a  slightly  under  decinormal  solution 
of  potassium  cyanide,  containing  a  few  drops  of  50  per  cent,  nitric  acid, 
the  solution  is  made  up  to  50  cubic  centimetres  and  filtered  through  a  dry 
filter,  and  the  excess  of  silver  nitrate  estimated,  in  25  cubic  centimetres 
of  the  filtrate,  by  means  of  a  solution  of  ammonium  sulphocyanate.  A 
measured  quantity  of  formic  aldehyde  solution  is  now  added  to  10  cubic 
centimetres  of  the  cyanide  solution,  and  the  process  repeated  in  exactly 
1  Zeit.f.  analytische  CKem.t  1897,  xxxvi.,  18-24. 
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the  same  way ;  the  difference  in  the  two  readings  gives  the  formic  aldehyde 
present,  formic  aldehyde  and  cyanide  uniting  in  molecular  proportions. 

The  advantages  of  this  method  are  that  the  solution  of  silver  can  be 
easily  standardised,  that  it  can  bo  used  in  the  presence  of  acetone  and 
other  organic  compouuds,  which  entirely  vitiate  the  results  of  any 
oxidation  process.  It  can  also  be  used  in  the  presence  of  acetaldehyde, 
if  the  titration  is  carried  out  at  once. 

Control  tubes  are  made  up  with  fresh  or  sterilised  milk  and  the  standard 
solution  of  aldehyde,  so  that  the  several  tubes  contain  (1)  *008  per  cent., 
(2)  -005  per  cent,  (3)  -002  per  cent.,  (4)  '001  per  cent.,  (5)  0008  per 
cent.,  (6)  *0006  per  cent.,  (7)  "0003  per  cent.,  of  formic  aldehyde. 

Various  quantities  of  the  neutral  milk  distillate  are  also  injected  in 
duplicate  into  portions  of  the  same  milk ;  the  best  quantities  to  take  are 
two  test  tubes  containing  5  c.c.  of  milk  and  5  c.c.  of  the  distillate ;  two 
tubes  containing  7  c.c.  of  milk  and  3  c.c.  of  distillate  and  two  tubes  of  8  c.c. 
of  milk  and  2  c.c.  distillate.  All  these  tubes  are  treated  with  litmus  exactly 
as  described  on  page  234 ;  control  tubes  1  to  3  and  one  set  of  the  other 
tubes  are  placed  in  the  warm  incubator  at  38°  C,  the  rest  of  the  tubes  are 
placed  in  the  cool  incubator  at  22°  C.  They  are  examined  after  24  hours 
and  from  time  to  time.  From  a  comparison  of  the  colours  the  amount 
of  preservatives  may  be  judged.  It  is  best  to  distil  sufficient,  in  the  first 
place,  to  make  a  second  experiment,  if  necessary ;  care  must  be  taken  not 
to  shake  the  tubes  after  they  have  once  been  put  to  incubate,  as  the  action 
of  the  milk  is  to  reduce  by  abstracting  oxygen,  so  that  if  the  tubes  be  shaken 
they  will  take  up  oxygen  and  become  red. 

§  156a.  Glycerin  in  Milk. — A  process  of  preserving  milk  by  glycerin 
exists,  and  occasionally  it  is  found  in  milk.  To  detect  glycerin  the  casein, 
fat,  and  albumen  must  be  separated  by  dilution,  acetic  acid,  carbon  dioxide, 
and  heat,  as  descril>ed  at  p.  227.  The  sugar  is  then  estimated  in  one 
portion  of  the  yellow  whey  by  copper  solution ;  the  remainder  is  first 
neutralised,  and  then  evaporated  to  dryness,  and  freed  from  any  trace  of 
fat  by  exhaustion  with  pure  ether.  The  glycerin  is  now  dissolved  out  by 
a  mixture  of  alcohol  and  ether,  the  alcohol-ether  evaporated  off,  and  the 
glycerin  identified  by  its  physical  characters  and  the  production  of  acrolein 
fumes  when  heated  with  sulphuric  acid.1  Use  may  also  be  made  of  the 
fact  that  glycerin  sets  free  boracic  acid  from  borax.  A  little  borax,  there- 
fore, may  bo  moistened  with  the  syrupy  drops  supposed  to  be  glycerin, 
heated  in  a  Bunsen  flame,  and  examined  before  the  spectroscope  for  the 
boracic  acid  bands.2 

Salicylic,  acvl  is  used  occasionally  as  a  preservative  of  milk,  and  it  is 
easily  detected  by  shaking  up  milk  whey  (first  acidified  by  hydrochloric 
acid)  with  ether.  The  ethereal  solution  on  evaporation  leaves  the  acid  in 
a  pure  enough  state  to  permit  the  successful  application  of  reagents.  The 
best  test  for  salicylic  acid  is  the  beautiful  violet  colour  which  it  gives  with 
a  neutral  solution  of  ferric  chloride.  Besides  this  test,  a  minute  portion 
may  be  placed  in  the  subliming  cell,  when  a  well-marked  sublimate  is 
obtained  at  about  100°  C.    The  crystalline  form  of  this  sublimate  may  be 

1  A  test  for  glycerin  has  been  proposed  by  E.  Donath  and  J.  Mayahofer  (Zcitschrift 
Jiir  anal.  Chem.t  xx.,  79).  The  supposed  glycerin  is  heated  to  120°  with  two  drops  of 
phenol  and  the  same  quantity  of  concentrated  sulphuric  acid.  The  whole  is  then 
treated  with  a  little  water,  and  the  insoluble  portion  rendered  slightly  ammoniacal. 
Under  these  circumstances  glycerin  gives  a  beautiful  red  colour. 

a  A.  Senier  and  A.  J.  G.  Lowe  :  Chcm.  Soc.  Journal,  &xi3&LMta\^Wi^. 
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compared  with  one  obtained  from  a  known  pure  sample  of  salicylic  acid. 
The  melting  point  of  pure  salicylic  acid  is  155°  to  156°  C. 

Benzoic  acid  is  also  occasionally  used,  and  it  may  be  detected  as 
follows : — 200  c.c.  or  more  of  milk  are  alkalised  with  baryta  water  and 
evaporated  down  to  one-fourth ;  the  thickened  residue  is  next  mixed  with 
calcic  siflphate  to  a  paste  and  dried  on  the  water^bath.  The  mass  is  finely 
powdered,  moistened  with  dilute  sulphuric  acid,  and  extracted  with  cold 
50  per  cent,  alcohol.  The  alcoholic  extract  is  neutralised  with  baryta 
water,  and  concentrated  by  evaporation  to  a  small  volume.  The  liquid  is 
now  acidulated  with  dilute  sulphuric  acid  and  extracted  with  ether.  On 
separating  and  evaporating  the  ether,  any  benzoic  acid  is  left  sufficiently 
pure  to  respond  to  the  usual  tests.  That  with  ferric  chloride  succeeds  best 
if  to  an  aqueous  solution  of  the  acid  a  little  sodic  acetate  is  first  added. 
For  a 'quantitative  estimation  of  the  acid,  it  is  best  to  sublime  the  acid,  and 
weigh  the  sublimate,  checking  this  weight  by  ascertaining  the  loss  the 
residue  has  experienced. 

§  157.  Sodium  Carbonate  will  be  detected  by  the  effervescence  of  the  ash 
when  treated  with  a  drop  of  HC1. 

Leon  Pad^1  states  that  the  soluble  ash  from  10  c.c.  of  genuine  milk 
only  requires  one  drop  of  d.  n.  acid  for  neutralisation,  but  if  sodic  bicarbonate 
is  present  more  will  be  required.  Part  of  the  carbonate  may  have  been 
converted  into  phosphate,  therefore  soluble  phosphate  must  be  estimated 
and  calculated  into  NaHC08. 

§  158.  Sodium  Fluoride,  Sodium  Fluosilicaie,  FluoboHc  Acid,  and 
Fluoborates. — The  ash  from  25  to  50  c.c.  of  milk  is  treated  in  a  platinum 
dish,  with  strong  sulphuric  acid,  the  dish  is  warmed  to  about  98°  C,  and 
in  the  vapour  is  suspended  a  cold  watch  glass  coated  with  paraffin,  from 
which  the  paraffin  has  been  scratched  off  in  a  few  places.  The  vapour  is 
allowed  to  act  for  an  hour ;  if  a  fluoride  be  present  the  glass  will  be  etched 
in  the  parts  unprotected  by  paraffin ;  this  etching,  where  traces  of  fluorine  are 
present,  will  only  be  evident  by  breathing  on  the  glass. 

Richmond  suggests  placing  a  drop  of  water  on  the  paraffin  away  from 
the  lines  scratched  on  it,  for  the  purpose  of  detecting  fluosilicates ;  if  the 
latter  be  present,  a  white  film  of  silica  will  be  formed  on  the  surface  of  the 
drop. 

Fluo-borates  give  the  reactions  of  both  boric  acid  and  fluorides. 

§  159.  p-naphthol. — Several  compounds  of  /J-naphthol  are  now  used 
as  preservatives.  Leffmann  and  Beam  2  describe  one  known  as  1  Abrastol '  or 
'  Asaprol.'  Professor  Thorpe8  has  met  with  /J-naphthol-sulphonate  of  soda 
which  is  said  to  be  used  on  the  continent.  But  these  substances,  so  far  as 
known,  are  not  used  in  this  country.  Leffmann  and  Beam  give  the  following 
test : — 200  grms.  of  the  sample  are  acidified  with  sulphuric  acid  and  steam 
distilled  until  150  c.c.  of  distillate  are  obtained.  This  liquid  is  shaken 
with  20  c.c.  of  chloroform,  the  latter  withdrawn,  rendered  alkaline  with 
potassium  hydroxide  and  heated  almost  to  boiling  for  a  few  minutes. 
Colour  changes  occur  as  follows  : — 

Salol      .       .      light  red. 

Phenol  .  .  light  red — to  brown — to  colourless. 
/3-naphthol    .      deep  blue — to  green — to  brownish. 

1  Ann.  chim.  anal,  appl.,  1886,  i.,  83,  8. 
9  Select  Methods  of  Food  Analysis,  1901,  84. 

3  Report  of  Departmental  Committee  on  Food  Preservatives,  etc.,  1901.  Appendix 
ill,  868. 
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§  160.  (8.)  Artificial  Colouring  Matter  in  Milk. — The  artificial  colouring 
of  milk  is  a  practice  which  has  increased  enormously  during  recent  years,  so 
much  so  indeed  that  it  is  now  the  exception  to  find  the  milk  as  sold  in  the 
large  towns  of  England  uncoloured.  At  the  time  of  writing  there  is  no 
regulation  prohibiting  the  use  of  harmless  colouring  matters  in  milk,  but 
the  Departmental  Committee  on  Food  Preservatives,  etc.,  1901,  in  their 
report  recommend  that  the  use  of  colouring  matters  in  milk  offered  for  sale 
in  the  United  Kingdom  shall  constitute  an  offence  under  the  Sale  of  Food 
and  Drugs  Act. 

The  colouring  matters  said  to  have  been  used  at  various  times  in  milk 
inolude :  coal-tar  dyes,  annatto,  turmeric,  saffron,  carrot,  marigold,  caramel, 
and  chromates,  but  the  only  substances  used  to  any  extent  in  the  United 
Kingdom  are  annatto  and  certain  sulphonated-azo-dyes  and  mixtures  of 
these  substances.  In  America  caramel  is  also  used  occasionally/  The 
amount  of  colouring  matter  added  is  about  1  part  to  200,000  parts  of 
milk. 

The  colouring'  matters  at  present  used  may  be  detected  as  follows : — 

(1.)  The  fresh  milk  gives  a  pink  colour  with  hydrochloric  acid:  presence  of  a 
sulphonated-azo'dye. 

Confirm  by  extracting  as  below,  and  apply  the  usual  tests. 

(2.)  A  piece  of  filter-paper  soaked  for  twenty-four  hours  in  the  milk  made  alkaline 
with  sodium  carbonate  takes  a  brown  stain  which  is  changed  to  pink  by  hydrochloric 
acid  :  presence  of  annaUo. 

Confirm  by  extracting  as  below,  and  applying  the  following  tests :— -(a)  A  drop  of 
the  colouring  matter  dissolved  in  water  and  made  alkaline  with  potash  gives  an  orange 
stain  on  filter-paper,  changed  to  pink  by  stannous  chloride  solution.  (£)  A  little  of  the 
residue  is  dissolved  in  water  containing  a  little  alcohol  and  a  drop  of  ammonia.  A 
bundle  of  white  cotton  fibres  is  introduced,  and  the  liquid  evaporated  nearly  to  dryness. 
The  fibre  is  then  immersed  in  a  solution  of  citric  acid.  It  will  be  coloured  rose-red  if 
annatto  is  present 

(3.)  Caramel. — Coagulate  10  c.c.  of  the  milk  by  means  of  acetic  acid,  collect  the 
curd  by  straining  through  linen,  then  place  it  in  a  white  porcelain  dish,  and  just  cover 
with  strong  HC1.  Treat  a  control  sample  known  to  be  free  from  caramel  in  the  same 
manner.    A  blue  violet  colour  indicates  the  presence  of  caramel. 

Other  colouring  matters  may,  however,  be  present,  or  the  original 
presence  of  certain  coal-tar  dyes  may  bo  masked  by  the  sample  being  partly 
decomposed,  since  one  of  the  authors  has  shown1  that  certain  coal-tar 
dyes  are  reduced  very  rapidly  in  decomposing  milk  under  the  influence  of 
nascent  hydrogen  set  free  by  the  action  of  anaerobic  organisms.  In  the 
latter  case  it  is  possible  to  isolate  their  decomposition  products. 

For  the  isolation  of  colouring  matters  and  their  decomposition  products, 
the  following  method  may  be  used : — Take  at  least  60  c.c.  of  the  milk,  care- 
fully add  to  it  weak  soda  or  strontia  solution  until  it  is  just  alkaline  to 
delicate  litmus  paper.  Evaporate  the  solution  to  a  thin  paste  on  the  water 
bath. 

(a.)  Thoroughly  extract  the  paste  with  ether.  This  will  remove  the 
fat,  and,  if  the  milk  was  sour,  the  decomposition  products  of  those  dyes 
reduced  by  nascent  hydrogen.  Evaporate  off  the  ether,  and  shake  the 
fat  with  warm  water.  Separate  the  water  from  the  fat,  and  evaporate  the 
water  to  dryness  in  a  white  porcelain  dish ;  note  the  colour  of  the  residue. 
(Pure  milk  yields  no  coloured  residue.)   To  the  coloured  residue  add 

1  "The  Detection  of  Artificial  Colouring  Matters  in  Fresh  and  Sour  Milk,"  by 
M.  Wynter  Blyth.    The  Analyst,  vol.  xxvii.,  p.  146,  1902. 
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various  reagents  as  in  the  following  table,  which  gives  the  reactions  of  a 
few  dyes : — 

Water  Extract  from  the  Fat. 


Note  the  Colour  and  apply  various  Reagents  to  the  Dry  Residue. 


Colour 
of  Residue. 

Probable 
Original 
Colouring 
Hatter. 

Add  a  Drop 
to  Ferric 
Chloride. 

To  the 
Ferric 
Chloride 
add  Strong 
H^O* 

Other  Reactions. 

Brown 

Acid 
yellow 

Dark 

Yellow, 
green  on 
ailution 

Butter 
yellow 

green 

Yellow 
men  on 
ailution 

To  a,  ulicrhtlv  APirl    RnlnHnn   of  t.hf» 

colouring  matter  add  a  few  drops  of 
H2S  solution,  then  ferric  chloride, 
heat — magenta  colour. 

Brown 

Aniline 
yellow 

Yellow 

Yellow 

Strong  HjjSO^  or  HC1,  gives  a  delicate 
violet 

Yellow 

Martius 
yellow 

Red 

Yellow 

Strong  HC1  gives  a  beautiful  rose  red 
colour. 

Yellow 

Victoria 
yellow 

Red 

Yellow 

Same  as  Martius  yellow. 

Rose  red 

,  Methyl 
1  orange 

Fugative 
scarlet 

Yellow 

Treat  as  with  butter  yellow,  the  solu- 
tion becomes  a  beautiful  blue. 

Brown-red  Orange 

1  ^ 

Green 

Scarlet, 
green  on 
ailution 

Treat  as  butter  yellow,  the  solution 
"  becomes  dirty  violet 

Yellow 

{Unreduced  dyes,  soluble  in  ether 
|     from  alkaline  solution 

(b.)  Extract  the  fat-free  residue  with  boiling  alcohol,  filter  and  evaporate 
to  dryness  in  a  white  porcelain  dish.  A  portion  of  the  residue  if  yellow  or 
orange  may  be  taken  up  with  a  little  d.  n.  acid,  and  shaken  with  ether ; 
this  will  divide  the  possible  dyes  into  two  groups,  i.e.:  (a)  the  natural 
colouring  matters  (annatto,  turmeric,  saffron,  etc.),  the  acid  coal-tar  dyes, 
and  the  non-sulphonated-azo-dyes,  which  all  colour  the  ether  to  a  certain 
extent,  (ft)  The  basic  dyes  and  the  sulpbonated-azo-dyes,  which  do  not 
colour  the  ether  at  all.  The  sulphonated-azo-dyes  will  be  readily  recognised 
by  striking  brilliant  colours  with  acids,  and  the  other  dyes  may  be  recog- 
nised by  the  ordinary  methods. 

(9.)  Detection  of  Nitrates  in  Milk. — Pure  milk  contains  no  nitrate, 
hence  the  detection  of  nitrates  in  milk  would  be  fair  presumptive  evidence 
of  watering.  A  test  recommended  by  J.  Szilasi 1  is  as  follows : — I  c.c.  of 
a  solution  of  diphenylamine  sulphate  is  put  into  a  small  porcelain  dish, 
and  a  few  drops  of  milk  are  dropped  in ;  if  nitrates  are  present,  a  blue 
colour  will  gradually  appear.  Soxhlet  tests  milk  for  nitrates  as  follows  : — 
The  milk  is  coagulated  by  a  solution  of  calcic  chloride  free  from  nitrate, 
the  serum  is  now  treated  with  a  solution  of  diphenylamine  in  concentrated 
1  Repert.  anal.  Chemie,  xxxiii.,  p.  212. 
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sulphuric  acid  in  the  same  way  as  with  the  ferrous  sulphate  test.  The 
nitrate  test  will  be  found  of  great  utility  in  those  cases  in  which  an  impure 
strongly  nitrated  well-water  has  been  added  to  milk,  but  with  ordinary 
waters  containing  -01  grm.  and  under  of  nitric  anhydride  per  litre,  the 
test  is  not  sufficiently  delicate  to  be  of  much  utility. 

§  161.  Sour  Milk. — Government  Laboratory  Method. — The  analysis  of 
the  milk  is  conducted  by  what  is  known  as  the  '  maceration '  process,  and 
the  weight  of  the  non-fatty  solids  and  fat  is  independently  ascertained  in 
duplicate,  whilst  as  a  control  the  direct  determination  of  the  total  solids  is 
made  on  a  third  portion  of  milk.  Before  proceeding  with  the  analysis,  the 
total  contents  of  the  bottle  are  transferred  to  a  suitable  vessel  and 
thoroughly  mixed  by  means  of  a  wire  whisk. 

From  ten  to  twelve  grammes  of  the  sample  are  weighed  out  into  flat- 
bottomed  platinum  capsules,  each  of  which  has  been  tared  along  with  a 
short  glass  rod  with  flattened  ends.  The  weighed  portions  are  next 
neutralised  with  deoinormal  strontia  solution,  with  phenolphthalein  as 
indicator.  Deoinormal  soda  answers  the  purpose  perfectly  well  when  the 
degree  of  acidity  is  not  greater  than  10  c.c,  n/10  solution  for  10  gramme* 
of  milk,  but  above  that  amount  it  is  of  great  advantage  to  use  the  strontia- 
solution. 

The  milk  is  then  evaporated  over  the  water  bath  until  the  residue 
attains  the  consistency  of  dry  cheese,  and  while  so  warm  as  to  ensure  that 
the  fat  shall  be  still  in  the  melted  condition,  20  c.c.  of  dehydrated  ether 
(specific  gravity  -720)  are  poured  over  the  milk  solids,  which  are  then  carefully 
stirred  for  some  time  with  the  glass  rod.  The  ether  containing  the  dissolved 
milk  fat  is  passed  through  a  Schleicher's  filter  of  10  cm.  diameter,  which  has 
previously  been  dried  and  weighed  in  a  weighing  bottle.  The  maceration 
of  the  milk  is  continued  with  eight  successive  additions  of  10  c.c.  of  ether, 
at  which  point  it  has  been  found  that  the  fat  has  been  wholly  separated 
from  the  non-fatty  solids.  The  filter-paper  having  its  edges  cut  down  is 
well  washed  with  boiling  ether,  and  the  fractions  of  the  filter-paper  are 
replaced  in  the  weighing  bottle  and  dried  at  100°  C.  The  increase  of  weight,, 
which  with  careful  work  should  not  exceed  a  few  milligrammes,  is  added  to 
the  weight  of  the  non-fatty  solids.  At  the  conclusion  of  the  maceration 
process,  the  non-fatty  solids  should  be  in  a  fine  state  of  division,  resembling 
the  precipitated  chalk  of  pharmacy.  The  capsules  are  next  dried  overnight 
in  the  water  oven  and  the  first  weighing  is  taken  in  the  morning.  Usually 
the  weight  is  constant  by  this  time,  as  shown  by  the  weighings  taken 
during  the  day.  As  from  the  conditions  of  the  analysis  the  anhydrous 
salts  of  sodium  or  strontium  are  present  in  the  dried  solids,  the  correction 
for  the  added  alkali  is  in  the  proportion  of  "0022  gramme  per  1  c.c.  of  n/10" 
soda  used  and  '0042  gramme  for  each  c.c.  of  the  strontia  solution  required. 

The  ether  solution  of  the  milk-fats  contained  in  tared  beakers  is 
evaporated  and  the  weight  of  the  dried  fat  ascertained. 

In  determining  the  nature  and  amount  of  the  loss  in  non-fatty  solids- 
consequent  on  keeping,  the  alcohol  present  is  by  far  the  most  important 
item.  When  the  milk  sample  under  analysis  measures  170  c.c,  that  is 
nearly  6  ounces  (and  it  should  not  be  much  less  than  this),  75  grammes  of 
the  milk  can  be  spared  for  distillation,  which  is  carried  out  in  a  glass  still, 
with  glass  spiral  condenser. 

The  acidity  of  the  milk  having  been  previously  ascertained,  the  portion 
for  distillation  is  neutralised  with  soda  up  to  one-half  of  the  total  acid 
present    If  nearly  neutralised,  ammonia  may  ^ua&  vato  \3as>  &sSy&sfca> 
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so  vitiate  the  result.  The  first  distillate,  which  usually  contains  a  little 
acid,  is  re-distilled  with  the  addition  of  0*5  c.c.  n/10  NaHO,  and,  after 
having  been  made  up  to  original  bulk,  the  specific  gravity  at  15'5°  C.  (60c  F.) 
is  taken  in  a  50  gramme  or  in  a  1000  grain  weighing  bottle.  Supposing 
that  the  distillate  gave  a  specific  gravity  of  999*67,  or  0*33  less  than  1000, 
then  this  difference  multiplied  by  1*16  gives  the  amount  of  proof  spirit  by 
volume  present  in  the  milk.  The  product  multiplied  by  '842  equals  the 
actual  weight  of  anhydrous  milk  sugar  which  has  been  converted  into 
alcohol. 

The  correction  for  free  volatile  acid,  reckoned  as  acetic  acid,  is  ascertained 
as  follows : — 

10  grammes  of  the  milk  are  neutralised  to  the  extent  of  one-half  the 
total  acidity  with  n/10  NaHO,  and  a  little  phenolphthalein  added.  The 
mixture  is  then  evaporated  to  dryness  on  a  water  bath  with  frequent 
stirring,  and  after  treatment  with  20  c.c.  of  boiling  distilled  water  so  as  to 
break  up  and  thoroughly  detach  the  milk  solids  from  the  capsule,  a  further 
addition  of  n/10  NaHO  is  made,  until  the  neutral  point  is  reached.  The 
difference  between  the  original  acidity  of  the  milk  and  that  of  the 
evaporated  portion  is  regarded  as  acetic  acid.  The  number  of  c.cs.  of  soda 
shown,  when  multiplied  by  "425,  gives  the  percentage  of  loss  by  weight 
not  recovered  in  the  change  of  milk  sugar  into  alcohol  and  thence  into 
acetic  acid. 

Example : — 

Acidity  of  milk,       .       .       .       116  c.c.  n/10  NaHO. 
„         „      evaporated  portion,    9  2       „  „ 

Difference,  .       .  2*4 

2-4  x  -0255  =  -061  per  cent,  by  weight  lost, 

or 

2-4x.-006xl0x«425  =  -061 

The  loss  arising  from  the  change  in  the  casein  is  very  small. 

To  estimate  it,  two  grammes  of  the  milk  are  made  up  to  100  c.c.  with 
distilled  water  and  filtered  to  a  clear  solution.  10  c.c.  of  the  filtrate 
increased  to  50  o.o.  by  the  addition  of  distilled  water  are  Nesslerised 
against  NH4C1  solution,  equivalent  to  '01  mgr.  of  NH8  in  each  c.c.  As  the 
Nessler  colour  produced  in  presence  of  milk  differs  somewhat  from  that  of 
pure  saline  ammonia,  the  blank  experiment  is  carried  out  with  the  addition 
of  10  c.c.  of  the  filtrate  from  two  grammes  of  new  milk  slightly  acidified, 
and  diluted  to  the  same  extent  as  the  sour  milk.  The  quantity  of  test 
ammonia  required  varies  between  0*5  c.c.  and  4  c.c. 

In  the  case  of  a  milk  containing  ammonia  equal  to  2*6  c.c.  of  the  test 
solution,  the  loss  of  weight  is  calculated  as  follows : — 

•00001  mgm.  x  2*6  x  500  x  5*2  «  -067  per  cent,  casein 


It  is  evident  that  any  other  degree  of  dilution  may  be  conveniently 
adopted  according  to  circumstances,  or  the  proportion  of  ammonia  which 
might  be  indicated  in  the  milk. 
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According  to  the  three  instances  given,  the  loss  of  solids,  or,  in  other 
words,  the  addition  to  be  made  to  the  non-fatty  solids,  is  as  follows : — 


Total. 

Loss  from  alcohol,       .       .      .    '322  per  cent  | 

„       acetic  acid,  .       .       .    *061     „        >*45  per  cent, 
ammonia,    .       .       .    '067     „  ) 


The  Chief  Influences  whioh  Tend  to  Modify  the  Composition  of 

Cows'  Milk. 

§  162.  Although  for  the  purposes  of  the  Sale  of  Food  and  Drugs  Act  the 
analyst  will  only  be  required  to  determine  if  the  '  solids  not  fat '  fall  below 
8*5  per  cent.,  the  milk-fat  below  3*0  per  cent,  and  that  the  milk  is  of  normal 
composition ;  yet  most  chemists  will  be  called  upon  from  time  to  time  to 
decide  questions  with  regard  to  the  watering  and  skimming  of  cows'  milk 
whioh  have  no  connection  with  the  Sale  of  Food  and  Drugs  Act.  To  these 
a  few  facts  as  to  the  causes  of  variations  observed  in  the  composition  of 
cows'  milk  will  be  useful. 

As  before  stated,  a  marked  distinction  must  be  drawn  between  the  milk 
of  individual  cows  and  that  from  a  mixed  herd  of  cows.  The  milk  of 
individual  cows  often  varies  greatly  from  the  normal.  Richmond  records 
the  following  extreme  variations  in  '  solids '  and  '  fat/  the  highest  fat  being 
from  Bannister's  determination : — 

Fat.  Solid*  not  fat 

per  cent.  per  cent. 

Maximum,  ....  12'52  10'60 
Minimum,       ....        1*04  4*90 

The  period  of  lactation,  the  breed  of  cow,  and  other  circumstances 
naturally  influence  the  composition  of  the  milk  of  individual  cows  to  a  muoh 
greater  extent  than  the  milk  from  a  mixed  herd.  The  chief  influences 
tending  to  modify  the  composition  of  cows'  milk  are  the  following: — 

(1)  The  breed,  (2)  period  of  lactation,  (3)  season  of  year,  (4)  conditions 
as  to  milking  (morning  and  evening  milking,  foremilk,  stoppings,  etc.), 
(5)  climate,  (6)  land,  (7)  feeding. 

(1)  Breed. — Table  XVIIIf.  will  give  a  good  idea  of  the  considerable 
variation  in  the  quality  of  the  milk  from  cows  of  different  breeds. 

Breed  is  now  recognised  as  the  most  important  factor  influencing  the 
quality  of  milk. 

As  a  rule,  the  richer  the  quality,  the  less  the  quantity  of  milk.  Thus 
Jersey  cows  give  a  small  quantity  of  rich  milk,  Shorthorns  a  large  quantity 
of  medium  quality  milk. 

In  this  country  the  non-pedigree  Shorthorn  is  the  cow  most  usually 
kept  for  producing  milk  for  ordinary  consumption,  but  many  dairymen 
keep  a  few  animals,  such  as  Channel  island  cows,  yielding  a  richer  milk  so 
as  to  enhance  the  quality  of  the  mixed  milk. 

According  to  Mr.  George  Barham,  in  Scotland  and  the  eastern  counties 
— Ayrshires ;  in  Norfolk  and  Suffolk — Redpoles ;  and  in  Ireland — Kerries 
are  the  cows  commonly  kept. 

Pure  bred  Dutch  cows  are  not  now  found  in  England;  it  is  true 
that  there  is  a  herd  in  Cheshire,  and  a  few  in  oU\«t  ^taft^  \sv&  to&c 
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is  not  sold  for  ordinary  consumption.  In  Essex  there  are  also  a  number 
of  cross  bred  cows  derived  from  Dutch  and  Shorthorns. 


TABLE  XVIII/.— Average  Composition  of  Milk  of  different  Breeds  of  Cattle. 


Breed. 

Total  Solids. 
Per  cent. 

Milk-fat 
Per  cent. 

Solids 
not  Fat. 
Per  cent. 

Authority. 

Jersey,  .... 

14*89 

5*66 

9*23 

Vieth. 

14-34 

478 

9*56 

Jersey  State  Exp.  Stn. 

14-65 

5*43 

9-22 

Bell. 

14-64 

5*31 

9-33 

Lloyd. 

15-40 

5-61 

9*79 

American  Exp.  Station. 

Guernsey, 

14-48 

5-02 

9*46 

Jersey  State  Exp.  Stn. 

n  ... 

14*46 

5-16 

9-30 

Bell. 

,,  ... 

13-89 

4-77 

9-12 

Lloyd. 

11 

14-60 

5-12 

9*48 

American  Exp.  Station. 

Welsh,  .... 

14-15 

4-91 

9-24 

Vieth. 

13-55 

4*40 

9*15 

Bell. 

Sussex,  .... 

1418 

4-87 

9-31 

Vieth. 

Kerry,  . 

11  • 

Red  Poll, 

1370 

4-72 

8-98 

1 1 

13*68 

4-70 

8*98 

Bell. 

13-22 

4*34 

8*88 

Vieth. 

11  ... 
Ayrshire, 

12*63 

3-63 

9-00 

Lloyd. 

13-46 

4-24 

9-22 

Bell. 

13-28 

4-13 

9-15 

Lloyd. 

12-70 

3-68 

9-02 

Jersey  State  Exp.  Stn. 

„ 

13-06 

8-57 

9-49 

American  Exp.  Station. 
11       > »  11 

Devon,  .... 

13-77 

4-15 

9-62 

N.  Devon, 

13-11 

3-43 

9-68 

Bell. 

Shorthorn, 

12-90 

4-03 

8-87 

Vieth. 

11  ... 

12*45 

3-65 

8*80 

Jersey  State  Exp.  Stn. 

Lloyd. 

Bell. 

11  ... 

12-93 

3-91 

9-02 

i>  ... 

12-78 

3-93 

8-85 

Pedigree  Shorthorn, 

12-86 

4-03 

8-83 

Vieth. 

Dutch  

12-40 

375 

8*65 

Bell. 

11-91 

8.-23 

8*68 

Fleischmann. 

American  Holderness,  . 

12-63 

3-55 

9-08 

American  Exp.  Stn. 

Holstein,  . 

12-12 

3-51 

8-61 

Jersey  State  Exp.  Stn. 

,,      Frisian,  . 

12-39 

3*46 

8-93 

American  Exp.  Station. 

Montgomery, 

12-61 

3-59 

9*02 

Vieth. 

German, 

12-25 

3-40 

8-85 

Fleischmann. 

§  163.  Period  of  Lactation, — The  period  of  lactation,  mainly  affecting 
the  milk  of  individual  cows,  has  also  to  be  taken  into  account  in  the  con- 
sideration of  the  mixed  milk  of  a  herd.  The  greater  number  of  cows  calve 
in  the  spring  and  early  summer,  and  to  this  fact  the  seasonal  variations  in 
the  quality  of  milk  are  due. 

The  cow  after  calving  first  yields  'colostrum '  (see  page  214) ;  it  is  not 
usual  to  sell  any  milk  yielded  on  the  first  four  days  after  calving.  The 
milk  for  the  remainder  of  the  first  week  is  usually  rich  in  fat,  the  quality 
then  drops  rapidly  to  a  minimum  during  the  second  week,  the  quality  then 
proves  until  about  the  week  before  drying  up,  when  it  rapidly  drops  both 
quantity  and  quality. 
According  to  Kiihne  the  casein  and  mineral  matter  increase  with  the 
f^t;,  while  the  milk  sugar  diminishes.    Richmond  observes  that  the  majority 
*f  abnormal  milks  are  obtained  from  cows  which  are  getting  dry. 

Seasonal  Variations. — The  period  of  calving  and  the  difference  of  food  at 
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different  seasons  of  the  year  account  for  seasonal  variations  in  the  quality 
of  the  milk.    Richmond  summarises  these  differences  as  follows : — 

(1)  November,  December,  January,  milk  rich  in  fat  and  '  solids  not  fat.1 


(2)  February,  March,  and  April,  fat  less  in  quantity,  but  '  solids  not 
fat '  about  the  same  as  during  the  three  previous  months. 

(3)  May,  June,  July,  and  August,  the  fat  is  low,  with  a  tendency  to 
rise  at  the  end  of  the  period.  In  July  and  August  'solids  not  fat'  are 
below  the  average. 

(4)  September  and  October,  an  improvement  both  in  fat  and  in  solids 
not  fat  is  noticeable. 

Conditions  as  to  Milking. — In  Holland,  where  cows  are  milked  three 
times  a  day  at  regular  intervals,  the  quality  of  the  three  milkings  is  about 
the  same,  but  where  cows  are  milked  at  irregular  intervals  the  quality  of 
the  milk  generally  differs.  In  this  country,  cows  are  milked  twice  a  day, 
and  there  is  a  difference  between  the  morning  and  the  evening  milk ;  the 
evening  milk  containing,  as  a  rule,  from  '2  to  '4  per  cent,  more  fat  than 
the  morning  milk.  The  '  solids  not  fat 9  do  not  appear  to  be  affected.  A 
number  of  tables  proving  this  will  be  found  in  the  Report  of  the  Depart- 
mental  Committee  on  Milk  and  Cream  Regulations,  1901. 

The  difference  of  foremilk  and  strippings  has  already  been  noticed  (see  p. 
206).  A  fair  sample  of  milk  is  only  obtained  if  the  cow  is  milked  dry.  The 
composition  of  milk  may  be  modified  by  the  cow  'holding  up  its  milk,'  owing  to 
a  strange  milker,  novel  surroundings,  or  nervousness  from  some  cause  or  other. 

Climate. — An  excessively  dry  summer  is  liable  to  cause  milk  to  be  poor 
in  'solids  not  fat.'  The  average  of  nearly  100  determinations  made  at  the 
Wisconsin  Creamery  during  a  protracted  drought  in  1 895  gave  but  a  trifle 
over  8*5  per  cent,  of  'solids  not  fat.11  Although  the  effect  of  drought  on 
the  amount  of  fat  is  not  yet  decided,  the  tendency  would  seem  to  raise 
the  percentage. 

An  excessively  wet  season  tends  to  render  milk  of  poor  quality :  excessive 
heat  or  cold  also  affects  the  quality  of  the  milk. 

Land. — Cows  kept  on  certain  land  would  appear  to  yield  a  poor  milk. 
This  evidently  is  due  to  the  quality  of  the  food  raised  on  the  land. 

§  164.  Feeding. — The  effect  of  feeding  is  a  matter  on  which  there  is 
much  doubt  and  discussion.  The  evidence  points  strongly  to  the  view  that 
decreasing  or  increasing  the  food  of  a  healthy  cow  for  a  limited  time  has  no 
effect  on  the  quality  or  quantity  of  the  milk,  the  first  effect  of  poor  feeding 
being  rather  to  decrease  the  weight  of  the  animal  than  to  alter  the  milk. 

On  the  other  hand,  high  or  low  feeding  carried  on  for  a  length  of  time 
affects  the  milk.  Lawes  and  Gilbert  have  shown  that  high  nitrogenous 
feeding  increases  both  the  yield  and  richness  of  the  milk. 

The  milk  of  half-starved  cows  is,  as  might  be  expected,  of  poor  quality. 
J.  Campbell  Brown 1  and  J.  Carter  Bell  8  give  some  interesting  analyses  of 
the  milk  from  half-starved  cows,  Bell's  average  for  half-starved  cows  being 
11  '42  per  cent,  total  solids,  fat  2*87  per  cent.,  and  solids  not  fat  8*55  per  cent. 

§  165.  The  colouring  and  the  alkaloidal  and  active  principles  of  plants 
impart  their  distinctive  properties  somewhat  readily  to  milk.  Thus  it  has 
long  been  noticed  that  browsing  on  certain  plants  affects  the  colour  of 
milk :  Caltha  palustris,  saffron,  and  rhubarb  colour  it  yellow ;  rhubarb, 
opuntia,  and  Rubia  tinctorium,  red;  Myosotis  palustris,  polygonum,  and 
Anchusa  equisetum,  blue.    Purgative  vegetables,  such  as  rhubarb,  or  even 


1  Lsffmann  and  Beam,  Select  Methods  of  Analysis,  1901,  198. 

2  Chemical  News,  xxxi.,  226.  '  XwU^mx^V 
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the  juices  of  acid  fruits,  taken  by  a  suckling  woman  almost  invariably  affect 
the  infant.  There  are  instances  of  milk  becoming  poisonous  from  contain- 
ing the  active  principles  of  plants.  In  June  1875  an  epidemic  of  diarrhoea 
occurred  in  the  Rhone  Gorge,  and  was  traced  to  goats'  milk,  the  goats 
having  browsed  in  fields  where  the  meadow  saffron  was  growing.  Professor 
Ralti  isolated  colchicine  from  the  milk.  Similar  outbreaks,  caused  by  the 
animals  having  fed  on  poisonous  shrubs,  have  been  recorded  in  the  Western 
States  of  America  and  Australia. 

§  166.  Experiments  have  been  made  with  the  object  of  ascertaining 
whether  metallic  compounds  would  be  excreted  by  milk.  Arsenic  passes 
readily  enough  in  minute  quantities,  and  the  same  may  be  said  of  lead  and 
oxide  of  zinc.  Antimony  also,  if  administered,  appears  in  the  milk.  The 
statements  with  regard  to  mercury  are  conflicting,  but  the  balance  of  evi- 
dence leads,  on  the  whole,  to  the  conclusion  that  it  is  not  excreted,  even  in 
minute  quantities,  by  the  mammary  glands.  Bismuth,  when  administered, 
was  detected  in  milk  by  Marchand,  Lewald,  Chevallier,  and  Henry.  Lewald 
gave  15  grms.  of  potassium  iodide  to  a  cow,  and  its  presence  for  four  days 
afterwards  was  detected  in  the  milk;  21  grms.  were  then  given,  and  the 
drug  could  be  detected  so  long  as  seventy-two  hours  afterwards.  On 
administering  it  again,  it  was  found  in  the  milk  for  eleven  days. 

THE  QUANTITY  OF  MILK  GIVEN  BY  THE  COW, 
THE  METHOD  OF  FEEDING,  etc. 

§  167.  The  capacity  for  milk  of  the  udder  of  the  cow  is  usually  estimated 
at  about  3  litres  ['66  of  a  gallon,  or  a  little  more  than  5  pints].  The  quantity 
of  milk  secreted  is  about  three  times  this  amount,  but  varying  in  individual 
cows,  and  depending  on  circumstances,  such  as  the  breed,  the  health,  the 
size  of  the  cow,  the  time  after  parturition,  and  the  nature  and  quantity  of 
the  food  given. 

§  168.  The  breeds  in  England  most  approved  of  are  the  Alderney, 
Ayrshire,  Holderness,  Kerry,  and  Suffolk.  In  Germany,  the  Swiss, 
Allgauer,  and  Dutch  cows  appear  to  be  the  favourites.  Some  careful 
estimates  of  the  amount  yielded  by  different  breeds  of  Continental  cows 
have  been  published  as  follows : — 


TABLE  XVIIfy.  —Average  Yield  of  Milk.1 


Average 

Litres  per 

Gallons  per 

yield  in 

year. 

year. 

gallons 
per  day. 

1284 

283-07 

•77 

1500 

830-70 

•90 

1600 

352-75 

•95 

Simmenthaler  

1690 

872-59 

1-01 

Walzthaler,  

2023 

446-01 

1-22 

2272 

500-90 

1-86 

Pinzgauer,  

2338 

515-45 

1-40 

Allgauer-Montafaner, 

2625 

578-70 

1-60 

2697 

594-60 

1-62 

2710 

597-47 

1-62 

2751 

606-51 

1*65 

Dutch,  

2906 

640*68 

1-74 

1  Abl.  Cerdr.-Bl.f,  Agrii  CTiejuie,  W7,  *S«. 
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These  breeds,  then,  are  not  superior  to  our  own.  The  favourite  cow  of 
the  London  dairymen  appears  to  be  the  Yorkshire  cow,  essentially  a  short- 
horn. The  average  yearly  yield  is  from  600  to  700  gals.,  15  of  these  cows 
giving  about  10,000  gals,  of  milk  yearly,  or  1*7  gal.  per  day;  individual 
cows,  of  course,  occasionally  exceed  this.  A  cow  has  been  known  to  give 
daily  for  some  time  as  much  as  5  gals,  of  milk. 

The  time  elapsing  before  and  after  calving  causes,  as  might  be  expected, 
considerable  variation  in  the  mammary  secretion,  the  quantity  augmenting 
during  the  first  two  or  three  weeks,  and  diminishing  towards  the  end  of 
the  third  or  fourth  month.  Towards  the  seventh  month  the  quantity  sinks 
to  one-half,  and  in  the  ninth  and  tenth  months  it  is  often  reduced  to  three- 
quarters  of  the  quantity  secreted  at  first.  On  the  approach  of  calving,  the 
milk  ceases  altogether. 

The  age  of  the  animal  has  some  influence,  very  young  cows  secreting 
less  than  mature  adult  cows.  It  is  also  found  that,  cmteris  paribus,  the 
larger  the  cow  the  greater  the  yield  of  milk.  Mr.  Ockle  of  Frankenfeld 
took  four  Dutch  milking  cows,  two  weighed  2112  lbs.,  and  two  others  only 
1537  lbs.;  he  fed  them  on  the  same  food,  and  submitted  them  to  similar 
conditions  for  sixteen  days.  The  results  of  this  experiment  are  embodied 
in  the  following  table 1 : — 


No. 


Two  heavy  cows, 
Two  light  „ 


Two  heavy  cows, 
Two  light,  . 


Weight  at  com- 
mencement of 
experiment, 
lbs. 

2112 
1537 


Weight  at  Green  Lucerne 
end.  consumed. 


lbs. 
2102 
1537 

Produce  in  milk 

per  100  lbs. 
Green  Lucerne, 
galls,  pints,  ozs. 

.  1  3  16 
.    1     11  16 


lbs. 

4921 

3859 


Produce 
of  milk. 

lbs. 

68 
48 


Lucerne  consumed 

Ser  100  lbs. 
ve  weight 

14*6  lbs. 
16-0  lbs. 


§169.  The  feeding  of  milking-cows  varies  somewhat  according  to  local 
circumstances.  In  town  dairies  brewers'  grains  are  much  in  use,  and  one 
to  two  bushels  are  given  daily,  besides  mangolds,  hay,  and  meal  to  each 
cow.  A  very  common  course  of  home-feeding  is  as  follows 2 : — At  4  a.m. 
the  cow  receives  two  or  three  pecks  of  grass,  immediately  after  being 
milked,  then  4  to  5  lbs.  of  hay ;  at  9  a.m.,  from  20  to  25  lbs.  of  chopped 
mangolds,  and  another  3  to  4  lbs.  of  hay ;  at  1  p.m.  there  is  a  second 
milking ;  another  similar  feed  follows,  and  she  is  given  plenty  of  water.  If 
oil  cake  is  used,  3  to  4  lbs.  a  day  are  given  either  with  the  mangolds  or  in 
a  gruel  with  the  grain.  In  this  country  the  chief  dependence  is  placed  on 
hay,  mangolds,  barley  meal,  and  bean  or  Indian  flour ;  in  the  summer 
abundance  of  green  food  is  given,  such  as  clover,  vetches,  cabbage,  etc. 


The  Milk  Secreted  by  the  Unhealthy. 

§  170.  The  result  of  the  analyses  and  cases  shortly  to  be  quoted  shows, 
— (1)  That  in  the  case  of  the  cow,  in  certain  diseases  only,  the  milk  con- 
stantly deviates  from  the  normal  standard;  (2)  that  the  most  marked 
changes  are  found  in  local  diseases  of  the  udder  or  mammary  glands; 
(3)  that  the  animal  may  be  labouring  under  a  most  mortal  and  virulent 

1  "  On  Milk,"  by  Dr.  A.  Voelcker,  Journ,  R.  Agricult.  Soc.,  xxiv.,  1868. 

2  T.  Carrington :  Joum,  R.  AgriaiU.  SocM  xxxix., 
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malady,  and  yet  secrete  milk  which,  although  differing  from  the  same  milk 
secreted  by  the  same  animal  when  in  health,  yet,  considered  in  itself,  in 
no  way  chemically  differs  from  healthy  milk ;  (4)  that  it  is  only  by 
biological  methods  of  experiment  that  such  diseased  milk  can  be  detected. 
These  remarks  apply  only  to  the  composition  of  the  milk ;  but  if  we  also 
regard  the  quantity  secreted,  then  there  is  in  all  cases  a  remarkable 
difference,  for  whenever  an  animal  suffers  from  a  sufficient  amount  of 
disease  to  affect  its  health  materially,  the  diminution  in  the  total  quantity 
of  milk  is  almost  invariable. 

I.  Human  Milk. 

§  171.  With  regard  to  the  milk  secreted  by  women  in  various  maladies, 
the  same  remarks  apply  only  to  a  certain  extent ;  for  the  human  mammary 
secretion  is  so  dependent  on  mental  influences,  that  its  composition  appears 
readily  affected.  Vogel  gives  the  following  analysis  of  milk  derived  from 
a  woman  suffering  from  hysteria,  the  sample  being  taken  directly  after  the 


attack : — 

Per  cent. 

Milk-fat   -514 

Casein,   5*000 

Sugar   3-492 

Ash   1*010 

Water,   89*984 

Specific  gravity   1  '032 


Deveux 1  found  the  milk  of  a  woman  who  suffered  from  nervous  attacks, 
when  taken  in  the  seizure,  to  be  a  transparent  viscid  secretion  like  albumen. 
J.  F.  Simon  2  examined  the  milk  of  a  woman  who  was  suffering  from  the 
effects  of  passion.  The  secretion  was  apparently  the  cause  of  violent  con- 
vulsions and  diarrhoea  in  an  infant.  The  milk  was  acid,  and  had  acquired 
a  peculiar  odour,  and  after  a  little  time  developed  hydrogen  sulphide ;  or, 
in  other  words,  the  milk  had  commenced  to  undergo  lactic  acid  and 
putrefactive  changes  in  the  breast  itself.  Local  affections  of  the  breast,  as 
might  be  anticipated,  interfere  with  the  healthy  action  of  the  milk-producing 
oells.  For  example,  Schlossberger  gives  the  following  as  the  composition 
of  a  sample  of  milk  taken  from  a  woman  whose  breast  was  considerably 
enlarged;  the  fluid  was  white  and  thick,  and  without  odour,  specific 
gravity,  '98  to  -99  at  15°  C.  :— 

Per  cent. 


Fatty  matter,   8*54 

Lactine  and  extractives,   '75 

Casein,   874 

Ash,   -41 


The  fat  fused  at  33°  and  solidified  at  26°. 

II.  Cows'  Milk. 

§  172.  Aphthous  Fever. — One  of  the  few  affections  in  which  it  is  possible 
for  the  investigator  to  discover  an  abnormal  condition  of  the  milk,  and  even 
from  the  appearance  of  the  fluid  to  know  what  particular  malady  the  cow  is 
suffering  from,  is  foot-awl-mouth  disease,  or  aphthous  fever.  This  is  a  febrile, 
highly  infectious  disease,  which  has  caused  at  certain  times  great  ravages 

1  CrelVs  Ckemische  Annalen,  vol.  i ,  p.  369.  - 

2  J.  F.  Simon's  "  Animal  Chemistry*  Syd.  Soc.,  11,  68. 
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Among  our  herds;  its  most  obvious  signs  are  ulcers  on  the  mouth,  feet, 
and  teats.  Unless  the  fever  is  high,  the  milk  is  secreted  during  the  whole 
course  of  the  disease.  It  presents  different  (one  might  almost  say,  opposite) 
Appearances  in  different  cases  ;  in  those  where  there  are  ulcers  on  the  teat, 
•either  externally  or  just  inside,  the  pus  from  these  ulcers  mixes  with  the 
milk,  and  the  analyst  finds  a  high  fatty  residue,  from  which  cholesterin, 
nuclein,  lecithin,  and  milk-fat  may  be  separated.  If,  on  the  contrary, 
there  are  no  ulcers  and  no  local  affection  of  the  udder,  the  milk  in  the 
more  severe  cases  may  be  deficient  in  solids,  and  especially  in  milk-fat; 
nor  does  it  recover  its  normal  composition  until  about  the  seventh  and 
eighth  days,  when  the  cow  begins  to  improve. 

A  special  micro-organism  is,  according  to  Klein,1  always  to  be  found 
Associated  with  aphthous  fever ;  it  is  a  micrococcus,  which  either  occurs 
singly,  as  dumb-bells  or  as  streptococci ;  the  chains  of  the  streptococcus 
sometimes  grow  to  a  considerable  length.  The  individual  elements  of  the 
diplococci  and  streptococci  are  spherical,  and  have  an  average  measurement 
of  *0006  to  0008  ram.  The  micro-organism  is  readily  cultivated  in  nutrient 
gelatin,  agar-agar,  or  broth;  it  grows  slowly  in  sterilised  milk,  the  milk 
remaining  fluid.  Milk,  according  to  Klein,  preserves  the  micro-organism 
in  a  wonderful  manner ;  infected  milk  kept  months  in  tubes  still  yielded 
successful  cultures.  If  the  local  affection  is  at  all  severe,  blood-cells,  and 
occasionally  a  considerable  quantity  of  blood,  may  be  found  in  such  milk. 

The  following  Table  (XlXa.)  (over)  gives  the  composition  of  milk  obtained 
from  cows  suffering  from  various  diseases. 

(1.)  Mammitis. — This  disease,  as  its  name  implies,  signifies  an  acute 
inflammation  of  the  mammae.  Theoretically,  milk  secreted  by  an  inflamed 
organ  should  be  altered  much  in  quality;  but,  in  the  case  of  a  heifer 
Buffering  from  this  disease,  milk  taken  the  second  day  after  calving  did 
not  appear  to  differ  essentially,  either  in  microscopical  appearances  or  in 
chemical  composition,  from  normal  milk. 

(2.)  Parturient  Apoplexy. — Urea  was  absent;  there  was  much  lacto- 
chrome.    No  abnormal  elements  detected  by  a  microscopical  examination. 

(3.)  Pneumonia. — This  is  the  only  milk  in  which  the  writer  found  an 
estimable  quantity  of  cholesterin.    The  microscopical  results  were  negative. 

(4.)  Tultercle. — The  whole  quantity  of  the  fluid  did  not  exceed  70  c.c. 
It  was  of  a  dirty  amber  colour,  with  the  casein  partially  separating. 

This  is  phthisical  milk  in  its  most  intense  form,  and  one  never  likely  to 
be  found  in  commerce,  but  admixture  of  such  a  fluid  with  genuine  milk  is 
possible.    See  pp.  254-257. 

It  is  essentially  an  albuminous  serum,  containing  urea,  common  salt, 
and  just  sufficient  casein  and  milk-sugar  to  show  its  origin  from  a  much- 
diseased  milk  gland. 

(5.)  Retention  of  Foetal  Membrane. — The  milk  was  pink  in  colour,  and 
contained  about  a  twentieth  of  its  bulk  in  blood ;  it  was  perfectly  fresh 
when  examined,  but  rapidly  putrefied.  The  blood  was  separated  by 
subsidence  as  much  as  possible.    The  reaction  was  feebly  acid. 

(6.)  Typhus. — The  milk  of  cows  suffering  from  typhus  has  been 
analysed  by  Husson,2  who  states  that  from  the  commencement  of  the 
malady,  the  azotised  principles  augment,  and  that  there  are  often  found 
bloody  and  purulent  fluids  admixed.    The  analysis  given  is  an  average 

1  Fifteenth  Annual  Rep.  Lot.  Qov.  Bd.%  supplement  containing  report  of  Med.  Officer 
for  1885. 

,J  Comptes  Rendus,  t.  lxxiii.,  1871,  p.  1339. 
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sample  of  milk  from  cows  suffering  from  a  not  too  severe  form  of 
typhus. 

§  173.  The  Propagation  of  Disease  through  Milk. — Modern  researches 
on  zymotic  diseases  have  for  long  been  converging  to  the  one  conclusion, 
that  these  diseases  are  all  produced  by  germs;  and  that,  consequently, 
such  diseases  are  only  special  forms  of  fermentation  or  putrefaction  in 
living  tissues,  the  disease-zymads  growing  and  multiplying  at  the  expense 
of  the  tissues. 

Now,  if  the  composition  of  milk  and  of  the  tissues  be  compared,  it  will 
be  seen  that  milk,  although  physically  a  fluid,  yet  resembles  in  its 
chemistry  a  tissue,  and  contains  all  that  is  necessary  for  the  nourishment 
and  growth  of  a  zymad.  Hence  it  is,  that  if  a  scarlet-fever  zymad,  or  a 
typhoid  zymad,  fall  into  milk,  for  all  practical  purposes  it  is  immersed  in  a 
tissue ;  and  cultivation  experiments  have  shown  that  milk  is  an  excellent 
medium  or  soil  for  the  multiplication  at  suitable  temperatures  of  patho- 
genic micro-organisms. 

Hit  Relation  of  Milk  to  Scarlatina. — In  December,  1885,  an  outbreak 
of  scarlatina,  traced  by  the  senior  author  to  a  particular  milk  supply,  was 
very  fully  investigated  by  the  Loc.  Gov.  Board,1  and  it  was  proved  as  clearly 
as  such  a  matter  is  capable  of  proof,  that  the  milk  was  not  infected  by  any 
human  agency,  but  that  the  cows  were  at  the  time  suffering  from  a  general 
feverish  disorder,  the  chief  external  evidence  of  which  was  vesicles  on  the 
teats  and  udder  rapidly  passing  into  ulcers.  The  disease  is  readily  pro- 
pagated by  inoculation  among  calves,  and  the  pathological  signs  are  in 
many  respects  strikingly  similar  to  those  of  human  scarlatina. 

According  to  Dr.  Klein's  researches  the  malady  is  intimately  connected 
with  the  multiplication  and  growth  of  a  micro-organism,  which  probably 
gains  access  to  the  milk  with  the  discharges  from  the  diseased  teats.  The 
micro-organism  consists  of  spherical  micrococci,  arranged  as  diplococci,  and 
as  shorter  and  longer,  straight,  wavy,  or  curved  chaius — streptococcus — 
the  latter  sometimes  of  great  length  (see  Plate,  fig.  1).  When  inoculated 
into  gelatin  the  growth  is  slow  (see  Plate,  fig.  2),  at  the  end  of  a  fortnight 
the  streak  of  inoculation  showing  up  as  a  white  line,  made  up  of  smaller 
and  larger  droplets.  It  does  not  liquefy  the  gelatin  :  it  is  very  similar  in 
appearance  and  manner  of  growth  to  the  streptococcus  of  foot-and-mouth 
disease,  but  Dr.  Klein  thinks  the  two  may  be  readily  distinguished  by  their 
action  on  milk,  the  foot-and-mouth  micro-organism  causing  no  apparent 
change  in  sterilised  milk  ;  the  scarlatinal  streptococcus,  on  the  other  hand, 
turning  it  after  two  days'  incubation  into  a  solid  mass.  A  similar  organism 
has  been  isolated  by  Dr.  Klein  from  the  blood  of  persons  suffering  from 
human  scarlatina. 

Drs.  Jamieson  and  Edington2  have  also  investigated  scarlatina  by 
biological  methods.  Dr.  Edington  has  cultivated  the  blood  drawn  from 
the  finger  at  different  dates,  and  also  the  epithelial  scales  thrown  off  from 
the  skin,  taking  all  possible  precautions  to  avoid  aerial  contamination.  By 
cultivating  a  drop  of  the  blood  in  Koch's  jelly,  diffusing  a  minute  quantity 
of  this  culture  through  a  large  body  of  distilled,  sterilised  water,  and  then 
cultivating  drops  of  this  water,  the  various  organisms  in  the  blood  were 
isolated ;  and  from  the  isolated  colonies,  pure  cultures  made ;  lastly,  their 
effect  on  animals  was  ascertained  by  inoculation. 

1  Fifteenth  Annual  Report  Loc.  Oov.  Board,  containing  Report  of  Med.  Officer  for 
1885. 

3  Brit.  Med.  Journal,  June  11,  1887. 
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The  organism,  which  was  invariably  found  in  the  blood  of  patients 
during  the  first  three  days  of  the  fever,  and  in  the  desquamation  after  the 
twenty-first  day,  is  described  under  the  name  of  the  Bacillus  scarlatince 
(see  Plate,  fig.  3).  It  is  in  the  form  of  motile  rods  measuring  4  /i  in 
thickness,  and  1*2  to  1*4  ft  in  length,  generally  forming  very  long 
jointed  and  curved  leptothrix  filaments ;  it  liquefies  the  jelly  (see  Plate, 
fig,  4).  Infected  into  broth  and  incubated  its  growth  is  very  rapid,  and 
a  coherent,  parchment  like  film,  which  is  not  easily  broken,  is  formed  on 
the  surface ;  later  the  film  becomes  deeply  wrinkled. 

A  calf  inoculated  with  a  culture,  and  also  given  some  in  milk  to  drink, 
developed  fever  in  six  hours,  and  died  within  twenty-four.  The  patho- 
logical appearances  were  those  found  in  the  human  subject  in  rapid  cases 
of  scarlatina  with  early  death.  A  second  calf  was  inoculated  with  a  pure 
culture,  and  developed  fever  within  twelve  hours,  and  there  was  a  vivid 
rash  followed  by  desquamation ;  the  throat  was  severely  affected.  In  six 
days  the  temperature  was  normal.  When  guinea-pigs  and  rabbits  were 
submitted  to  inoculation  from  cultures,  very  similar  results  were  obtained. 

Other  organisms  isolated  from  milk,  giving  either  negative  or  insignificant 
results,  were  Sarcina  lutea,  three  forms  of  micrococci,  and  three  of  bacilli, 
to  which  provisional  names  have  been  assigned. 

The  essential  difference  between  Edington's  and  Klein's  researches  is, 
that  Edington  has  concentrated  his  attention  on  human  scarlatina — Klein 
on  a  disease  of  the  cow.  Both  agree  that  scarlatina  is  communicable  from 
the  cow  to  man,  and  they  agree  also  that  milk  is  an  excellent  medium  for  the 
growth  of  Scarlatinal  contagium;  but  Klein  identifies  the  cause  of  the 
disease  as  a  micrococcus,  Edington  as  a  bacillus. 

With  regard  to  the  cultivating  powers  of  milk,  Edington  remarks  :  "  If 
desquamation  be  placed  in  milk  kept  at  a  gentle  heat  for  twenty-four  hours, 
the  bacilli  can  bo  recognised  by  their  motility  and  the  pellicle  which  they 
soon  form.  Thus  it  is  evident  that,  if  milk  be  taken  as  food  containing 
infective  desquamation,  the  spores  will  have  a  perfect  nidus  and  suitable 
temperature  afforded  them  for  development." 

More  recently1  Dr.  Mervyn  Gordon  has  investigated  the  intimate 
pathology  of  scarlatina.  He  has  shewn  that  a  fatal  result  in  this  disease 
is  to  be  attributed  to  invasion  of  the  blood  and  organs  by  streptococcus. 
He  further  has  come  to  the  interesting  conclusion  that  the  infectious 
malady  scarlatina  is  to  be  referred  to  Streptococcus  scarlatina,  whereas  the 
dangerous  phases  of  the  disease  frequently  result  from  supplementary 
invasion  of  the  blood  and  tissues  of  the  patient  by  Streptococcus  pyogenes. 

The  Relation  of  Milk  to  Phthisis  and  Tubercular  Maladies. — Villenin  2 
was  one  of  the  first  to  attempt  to  ascertain,  by  direct  experiment,  whether 
tubercle  was  transmissible  or  not  He  inoculated  the  rabbit,  the  sheep, 
the  dog,  and  the  cat  with  human  tuberculous  matter,  always  in  very  small 
quantities,  with  more  or  less  success.  The  experiments  of  Villenin  were 
repeated,  with  infinite  variation,  by  most  of  the  leading  pathologists  of 
Europe ;  but  their  deductions  were  quite  different  from  those  of  Villenin, 
for,  on  putting  various  substances  (other  than  tuberculous  matter)  in  the 
subcutaneous  tissue  of  guinea-pigs,  they  produced  a  febrile  disorder,  and 
found  after  death  products  which,  they  declared,  were  not  to  be  dis- 
tinguished from  tubercle.    Hence,  tuberculosis  was  considered  for  a  long 

1  29th  and  30th  Annual  Reports  of  Local  Government  Board,  containing  Reports  of 
Medical  Officer  for  1899-1900  and  1900-1901. 

2  "  Cause  et  Nature  de  la  Tuberculose." 
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time  as  due  to  a  mechanical  irritation,  chiefly  set  up  in  the  delicate  cells 
lining  the  lymphatic  channels.  While  animals  alone  were  the  subject  of 
the  French,  German,  and  English  experimenters,  a  doctor  in  Greece — 
Zallonis  of  Syra — actually  inoculated  the  human  subject — a  man  affected 
with  gangrene  of  the  foot — with  tuberculous  sputa.  In  thirty-eight  days 
the  man  died  with  unmistakable  tuberculous  signs,  which  an  autopsy 
confirmed.  The  opinion 1  that  the  introduction  into  the  tissues  of  a  great 
variety  of  foreign  matters  will  cause  this  malady  is  not  now  held, 
there  having  been  of  late  years  some  most  valuable  experiments  on  the 
subject,  more  especially  those  by  Bollinger,  Cohnheim,2  and  Koch. 

The  most  striking  of  Cohnheim's  experiments  were  those  in  which  he 
introduced  tuberculous  matter  into  the  anterior  chamber  of  the  eyes  of 
kittens ;  the  animals  generally  became  infected  after  a  well-marked  period 
of  incubation  of  from  fourteen  to  twenty-one  days.  Cohnheim,  associated 
with  Solomons,  has  also  proved  the  {Sossibility  of  aerial  infection,  having 
produced  the  disease  in  animals  by  causing  them  to  inhale  tuberculous 
dust.  The  pathological  changes  thus  produced  they  compared  side  by 
side  with  those  produced  by  mere  irritants,  whether  breathed  or  introduced 
into  the  system  by  other  channels  ;  and  they  declare,  as  the  result  of  such 
comparison,  that  the  products  of  the  latter  are  entirely  different,  and  not 
to  be  confounded  with  tubercle.  Direct  experiments  with  the  milk  from 
tubercular  cows  have  been  made  by  Gerlach,  Klebs,  Bollinger,  Sidney 
Martin,  and  Sims  Woodhead  and  others.  Gerlach  fed  two  calves,  two  pigs, 
one  sheep,  and  two  rabbits  for  three  weeks  with  the  unboiled  milk  of  a 
phthisical  cow ;  the  whole  of  the  animals  became  affected  with  tubercular 
disease.  Klebs  made  a  similar  successful  experiment  with  nine  guinea-pigs. 
The  accidental  infection  of  a  large  St.  Bernard  dog,  which,  having  come 
across  the  milk  designed  for  one  of  the  experiments,  drank  it,  and  became 
tuberculous,  is  perhaps  more  striking  than  a  formal  experiment.  The 
experiments  of  Bollinger  were  on  pigs,  as  follows  : — Two  young  pigs  were 
fed  with  the  unboiled  milk  of  a  cow  which  in  life  exhibited  symptoms  of 
lung  disease,  and  which  a  post-mortem  examination  showed  to  have  suffered 
from  phthisis.  This  experiment  was  negative.  The  pigs  enjoyed  good 
health,  and  on  being  killed  proved  to  have  all  their  organs  in  a  sound 
condition,  with  the  single  exception  of  some  slight  infiltration  of  the  glands 
of  the  neck  in  the  case  of  one.  In  a  second  experiment,  the  milk  of  a 
highly  tuberculous  cow  was  given  for  ten  weeks  to  four  healthy  young 
pigs  three  weeks  old.  During  this  time  a  general  enlargement  of  the 
lymphatic  glands  of  the  neck  was  observed ;  at  the  end  of  four  and  five 
months  the  animals  were  killed,  when  tubercular  infiltration  of  the  lungs, 
liver,  spleen,  etc.,  was  fully  established.  Another  experiment  was  made 
on  a  young  pig,  fed  with  the  same  milk  for  fourteen  days.  On  killing  the 
animal  three  weeks  afterwards,  there  was  found  cheesy  inflammation  of 
the  large  intestine,  an  exquisite  miliary  infiltration  of  the  lungs,  and  a 
slight  cheesy  deposit  in  the  bronchial  glands.  The  milk  in  all  the  above 
experiments  had  been  given  unboiled.  In  another  experiment,  however, 
in  which  six  pigs  were  taken,  four  were  fed  with  the  milk  of  the  same  cow 
(two  with  the  unboiled  milk,  two  with  the  boiled  milk),  and  two  were  fed 
on  ordinary  diet  to  control  the  experiment.    After  a  few  months  the  last 

1  "The  Transmissibility  of  Tuberculosis,"  by  G.  Fleming,  Med,  Chir.  Review,  Oct., 
1874. 

2  "Die  Tuberculo8en  vom  Standpunkte  der  Infectionslehre,"  von  J.  Cohnheim. 
Leipzig,  1880. 


256 


poods:  their  composition  and  analysis.    [§  173. 


two  were  healthy ;  the  two  fed  on  unboiled  milk  highly  tuberculous ;  one 
of  the  pigs  fed  on  the  boiled  milk,  on  being  killed,  was  found  perfectly 
healthy ;  the  other,  killed  a  little  later,  was  tuberculous.1 

On  the  other  side,  there  are  numerous  failures,  and  many  observers 
have  failed  to  propagate  the  disease.  £.  Perroncito,  of  Turin,  records  the 
case  of  a  whole  family  (consisting  of  a  man,  his  wife,  and  two  children) 
drinking  for  eight  days  the  milk  of  a  cow  most  decidedly  tuberculous,  as 
proved  by  an  autopsy;  and  yet  they  remained  well.  Negative  results 
are,  however,  of  little  value,  unless  extremely  numerous.  If  the  disease 
can  be  propagated  by  milk,  it  does  not  necessarily  follow  that  every 
animal  experimented  upon  will  become  infected ;  for  there  are  numbers  of 
facts  proving  that  some  human  beings  and  some  animals  have  a  great 
resisting  power,  and  do  not,  with  any  readiness,  take  such  diseases.  It 
has  hitherto  been  almost  universally  taught  that  bovine  tuberculosis  has 
nothing  essentially  different  in  its  course  or  pathology  from  human  tuber- 
culosis. This  view  has,  however,  been  contested,  Dr.  Charles  Creighton, 
in  a  very  able  paper,2  giving  a  series  of  cases  (eight  in  number)  in  which 
he  contends  that  there  was  more  analogy  to  "  Perlsucht,  bovine  tuber- 
culosis/' than  to  human,  and  moreover,  that  this  form  is  a  distinct  form, 

?iuite  as  distinct  as  glanders — the  salient  points  in  the  cases  cited  being, 
1.)  the  occurrence  of  tumour-like  embolic  infarcts  in  the  lungs ;  (2.)  the 
implication  of  the  bronchial,  or  of  the  mesenteric  and  portal  lymphatic 
glands ;  (3.)  the  characters  of  the  eruption  in  the  serous  membranes,  and 
its  relative  frequency  ;  (4.)  the  microscopic  appearances  ;  (5.)  the  elements 
of  obscurity  in  the  cases  viewed  as  cases  of  ordinary  or  autochthonous 
tuberculosis. 

The  experiments  of  Dr.  Sidney  Martin,  carried  out  for  the  Royal 
Commission  on  Tuberculosis,  1900,  all  tended  to  show  that  the  lower 
animals  were  very  susceptible  to  bovine  tuberculosis,  and  to  a  less 
degree  to  human  tuberculosis.  His  experiments  were  carried  out  upon 
guinea-pigs,  rabbits,  pigs,  and  calves,  the  tuberculous  milk  and  other 
matter  either  being  mixed  with  the  food  of  the  animal  or  else  administered 
by  subcutaneous  or  intra-peritoneal  injection.  The  result  of  his  experi- 
ments was  not  absolutely  conclusive,  as  he  himself  says,  "It  is  evident 
that  in  the  case  of  tuberculous  sputum  we  are  dealing  with  material  which 
is  less  infective  to  calves  than  bovine  tuberculous  material."  Still  further 
doubt  has  been  thrown  on  the  identity  of  bovine  and  human  tuberculosis 
by  Dr.  Robert  Koch,  the  discoverer  of  the  tubercle  bacillus,8  who  in  his 
address  to  the  British  Congress  on  Tuberculosis,  1901,  stated  that  he  had 
come  to  the  conclusion  (1)  That  human  tuberculosis  differs  from  bovine,  and 
cannot  be  transmitted  to  cattle ;  (2)  that  the  susceptibility  of  man  to 
bovine  tuberculosis  is  not  absolutely  decided,  but  if  such  susceptibility 
really  exists,  the  infection  of  human  beings  is  but  a  very  rare 
occurrence. 

Dr.  Koch's  conclusions  were  chiefly  based  upon  the  following  facts : — 
(1.)  Cattle  free  from  tubercle  were  infected  in  various  ways  with  pure 
cultures  of  tubercle  bacilli  taken  from  cases  of  human  tuberculosis.  No 
trace  of  tubercle  was  observed  in  the  cattle  during  life  or  when  killed 
six  to  eight  months  after  infection. 

1  Aerztlich.  Intelligent  BlaU,  No.  47,  507. 

8  An  Infective  Variety  of  Tuberculosis  in  Man,  identical  with  Bovine  Tuberculosis, 
Perlsucht,  by  C.  Creighton,  M.D.,  Lancet,  June  19,  1880. 

*  Deutsche  Med.  Woch,  1881,  and  Mitth.  autd.K.  Oesundheibamte,  ii 
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(2.)  The  result  was  the  reverse  when  pure  cultures  of  tubercle  bacilli 
from  bovine  tuberculosis  were  used. 

(3.)  Similar  results  were  obtained,  showing  a  marked  difference  between 
human  and  bovine  tuberculosis,  when  experiments  were  made  on  swine, 
asses,  sheep,  and  goats. 

(4.)  That  infected  food  is  the  cause  of  tuberculosis  can  only  be  assumed 
when  primary  tuberculosis  of  the  intestine  is  found.  Koch  maintains 
that  primary  tuberculosis  of  the  intestine  is  extremely  rare  in  spite  of  the 
enormous  amount  of  tuberculous  milk,  meat,  and  butter  that  is  consumed. 

Koch's  conclusions  have  been  hotly  contested  by  many  pathologists 
whose  opinion  must  be  regarded  as  of  equal  value  to  his  own,  and  the 
whole  question  is  at  present  under  investigation  in  England  by  a  Royal 
Commission  appointed  in  August,  1901. 

Detection  of  the  Bacillus  of  Bovine  Tuberculosis  in  Milk. — This  is  most 
satisfactorily  done  by  injecting  the  suspected  milk  into  susceptible  animals.1 
Only  in  very  few  cases  can  it  bo  found  by  microscopical  examination.  For 
as  Klein  points  out,  not  only  may  the  tubercle  bacillus  be  missed  when  it 
is  present,  but  also  it  may  be  thought  to  be  present  when  absent,  for  milk 
often  contains  bacilli  which  simulate  with  regard  to  staining  power  the 
true  tubercle  bacillus.  If,  however,  a  microscopical  examination  is  made, 
the  best  method  is  to  whirl  10  c.c.  of  the  milk  in  a  sterile  tube,  the  cream 
and  upper  portion  of  the  milk  is  removed,  leaving  a  deposit  at  the  bottom 
of  the  tube.  Thin  cover  slip  preparations  are  made  from  this  deposit; 
these  are  dried,  flamed,  placed  in  absolute  alcohol  for  a  few  minutes,  the 
fat  removed  by  washiug  in  ether,  the  ether  removed  by  alcohol,  and 
finally  they  are  stained  by  the  Ziehl-Neelsen  method.2  The  slides  are 
then  carefully  examined.  According  to  Pakes,8  the  following  may  be 
observed:  (1)  Tubercle  bacilli  may  be  present.  (2)  No  tubercle  bacilli, 
but  (a)  a  fairly  large  number  of  some  other  bacterium,  or  (b)  a  great 
excess  of  leucocytes,  often  amounting  to  pus,  or  (c)  a  considerable  amount 
of  vegetable  matter  and  debris.  (3)  Nothing  but  a  few  leucocytes. 
The  same  author  has  examined  many  milks  containing  a  large  number 
of  streptococci  in  the  deposit,  and  he  is  inclined  to  think  that  streptococcal 
enteritis  in  children  may  be  caused  by  such  milk.  The  presence  of  a 
large  number  of  leucocytes  may  disguise  the  presence  of  tubercle  bacilli, 
and  must  be  looked  upon  with  suspicion. 

§  174.  Cholera,  Typhoid,  and  any  water  borne  disease  may  be  contracted 
through  drinking  milk  which  has  become  contaminated  with  the  specific 
organisms  of  these  diseases.  The  attempt  to  isolate  the  specific  bacilli 
may  be  made  in  the  same  manner  as  if  dealing  with  a  contaminated  water. 
See  chapter  on  Water  (post), 

§175.  Diphtheria  and  Follicular  Tonsillitis. — The  Klebs-Lbffler 
bacillus  has  been  found  in  milk,  and  there  is  no  doubt  that  diphtheria 
has  been  caused  by  drinking  contaminated  milk. 

The  bacillus  may  sometimes  bo  demonstrated  by  whirling  a  small 
portion  of  the  milk,  and  cither  making  coverslip  preparations  from  the 
sediment,  or  else  inoculating  good  inspissated  blood  serum  with  very  small 
quantities  of  the  sediment,  taking  care  that  the  colonies  shall  grow  as 
separately  as  possible.    After  ten  hours'  incubation  at  38°  C,  the  tubes 

1  See  Sheridan  Delepine,  British  Medical.  Journal,  Sept.  23,  1893. 

2  See  auy  recent  work  on  Practical  Bacteriology. 

3  "  The  'Application  of  Bacteriology  to  Public  Health,"  by  W.  C.  C.  Pakes,  Public 
Health,  March,  1900,  430. 
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must  be  examined.  The  bacilli  should  be  stained  by  Gram's  method,  and 
counterstained  with  eosin.  Curtis1  calls  attention  to  the  fact  that 
epidemics  of  acute  follicular  tonsillitis  sometimes  occur,  apparently  de- 
pendent on  the  presence  of  large  numbers  of  strepto-  and  staphylo-cocci 
in  the  milk. 

§  176.  Diarrhoea. — Bacillus  enteritidis  sporogenes  (Klein)  has  been 
isolated  from  milk,  butter,  and  cheese. 

Klein  originally  isolated  this  spore-forming  anaerobe  from  the  evacua- 
tions of  patients  suffering  from  a  severe  epidemic  of  diarrhoea  which  broke 
out  in  St.  Batholomew's  Hospital  in  1895.  It  may  be  isolated  from  milk, 
as  described  in  the  chapter  on  Water  {post). 

§  177.  Aphthous  Fever. — The  physical  and  chemical  characters  of 
aphthous  milk  have  already  been  described.  In  certain  stages  of  the 
disease,  the  milk  acts  upon  young  calves  like  a  virulent  poison,  the  calf 
dying  from  apnoea  with  great  suddenness.  After  death  few  marked 
changes  are  noticed,  save  intense  pulmonary  congestion,  and  a  somewhat 
injected  patchy  tongue.  The  milk  has  been  given  to  pigs  with  a  fatal 
result,  and  even  cats  have  suffered  indisposition  from  it;  nor  is  there 
wanting  the  strongest  evidence  to  show  that  it  may  convey  the  aphthous 
disease  to  man.  This  transmission  to  man  has  been  observed  for  some 
time,  for  in  the  middle  of  the  eighteenth  century  Michael  Sagar 2  described 
the  aphthous  epidemic,  which  prevailed  in  Moravia,  1763-64,  and  related 
how  the  milk  propagated  the  disease  to  animals  and  men.  In  1834  three 
German  veterinarians  8  (Hertzwig,  Mann,  and  Villain)  made  on  themselves 
some  very  conclusive  experiments,  each  taking  a  pint  of  the  warm  milk 
drawn  from  an  infected  cow  for  four  consecutive  mornings.  On  the  third 
day  M.  Hertwig  had  feverish  symptoms ;  by  the  sixth,  the  mucous 
membrane  of  the  mouth  was  swollen ;  by  the  seventh,  there  was  a  well- 
marked  eruption  on  the  edge  of  the  tongue,  the  lips,  and  the  internal 
surface  of  the  cheeks ;  by  the  tenth,  the  vesicles  continually  increasing  in 
size,  had  burst ;  and  by  the  twenty-fourth  day  the  ulcers  had  dried,  and 
there  was  some  desquamation.  MM.  Mann  and  Villain  were  also  affected 
in  the  same  wray,  but  to  a  less  degree.  This  experiment  is  supported  by 
a  number  of  instances  of  partial  epidemics  in  the  human  kind,  which 
could  be  satisfactorily  traced  to  aphthous  milk.  It  would  appear  certain 
that  such  milk  after  boiling  is  harmless.  For  example,  Boulay  records 
that  foot-and-mouth  disease,  when  imported  into  the  Commune  of  Morchier 
by  a  pig-dealer,  extended  in  a  few  days  to  over  a  hundred  head  of  cattle, 
but  spared  the  calves,  which  were  fed  on  boiled  milk  and  water,  and  not 
allowed  to  suck  their  mothers. 

§  178.  A  Fom  of  Febrile  Disease  Associated  with  Milk. — The  milk 
from  a  dairy  near  Aberdeen  appears  to  have  been  the  propagating 
agent  of  a  peculiar  and  entirely  new  malady.  This  remarkable  outbreak 
has  been  investigated  and  described  with  great  ability  by  Dr.  Ewart.4 
Twenty  persons  were  attacked,  and  there  were  three  deaths.  The 
symptoms  consisted  essentially  of  fever,  with  one  or  more  relapses,  and 
swelling  of  the  cervical  glands,  frequently  ending  in  suppuration.  The 
connection  of 'the  epidemic  with  the  milk-supply  was  established  by  the 

1  Essentials  0/  Practical  Bacteriology,  by  H.  J.  Curtis,  1900,  267. 

2  Libellus  de  Aphlhis  Pecoris,  Vienna,  1765. 

3  "  Nouveau  Dictionnaire  de  Medicine  V^terinaire." 

On  a  New  Form  of  Febrile  Disease  associated  with  the  Presence  of  an  Organism 
distributed  with  Milk  from  the  Oldmill  Reformatory  School,  Aberdeen,  by  J.  Cossar 
Ewart,  M.D.,  Proc.  Roy.  Soc.,  1881,  xxxil,  492. 
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fact  of  the  illness  being  confined  to  those  who  drank  the  milk,  as  well  as 
by  the  microscopical  appearances  of  the  milk,  and  some  well-devised 
experiments  on  animals.  The  microscopic  appearances  of  the  milk 
showed : — 

1.  Numerous  micrococci,  some  free,  others  in  groups  or  chains. 

2.  Numerous  spores  and  cells  of  the  yeast-plant. 

3.  Spores  similar  to  B.  anthracis. 

Some  pus  from  the  neck  of  one  of  the  patients  was  found  to  contain 
bacilli  and  spores  apparently  identical  with  those  found  in  the  milk,  and 
such  pus  caused  fatal  illness  when  injected  into  small  animals  subcutane- 
ously.  These  elements  were  submitted  to  cultivation,  and  a  variety  of 
experiments  on  rats  were  instituted  with  the  suspected  milk,  side  by  side 
with  control-experiments  with  healthy  milk,  the  main  result  being  to  prove 
satisfactorily  a  direct  connection  between  the  bacilli  and  the  disease ;  the 
evidence  pointed  to  a  contamination  of  the  water  supplying  the  dairy,  and 
the  author  concludes  that  the  organism  producing  this  new  fever  was 
morphologically  not  unlike  the  anthrax  organism  in  its  mode  of  develop- 
ment and  life-history ;  and,  further,  that  it  was  introduced  into  the  milk 
after  it  had  left  the  udder. 

§  178a.  Klein  has  recently  isolated  a  pathogenic  blasto-mycete  from 
milk.  A  detailed  description  of  this  organism  will  be  found  in  the  30th 
Annual  Report  of  the  Local  Government  Board,  containing  the  Medical 
Officer's  Report  for  1900-1901. 

The  Decomposition  op  Milk. 

§  179.  The  decomposition  of  milk  is  due  to  the  action  of  numerous 
bacteria.  These  bacteria  are,  however,  not  secreted  with  the  milk,  providing 
the  animal  is  perfectly  healthy,  but  are  derived  from  the  air,  from  con- 
tamination of  the  teats  and  ducts  of  the  teats,  the  hands  of  the  milker, 
the  pails,  etc.  Milk,  when  freshly  drawn  under  cleanly  conditions, 
contains  but  few  bacteria;  it  is,  however,  such  an  excellent  medium  for 
their  growth  that  they  increase  with  extreme  rapidity,  and  after  a  few 
hours  may  amount  to  several  millions  per  cubic  centimetre. 

Ordinary  commercial  milk  as  delivered  to  the  consumers  in  London 
contains,  according  to  the  authors'  estimations,  rarely  less  than  2,000,000 
bacteria  per  c.c,  capable  of  growing  on  nutrient  gelatine. 

In  order  to  isolate  any  particular  organism,  it  is  necessary  to  dilute 
the  milk  with  a  large  volume  of  sterile  water,  so  that  the  bacterial  colonies 
may  grow  well  separated.  A  convenient  dilution  will  be  found  to  be 
1  part  of  milk  to  10,000  parts  of  water.  Plates,  etc.,  may  be  set  as  in 
dealing  with  water  (see  post). 

Besides  the  disease-producing  bacteria  which  have  already  been  noticed, 
and  which  are  but  rarely  present  in  milk,  there  are  bacteria  which  (1)  act 
upon  the  milk-sugar,  and  the  proteids,  and  are  the  true  organisms  of 
decomposition ;  and  (2)  certain  bacteria  of  great  importance  to  the  dairy- 
man, as  by  their  growth  in  milk  they  may  cause  *  Milk  Faults/  which 
render  the  milk  unfit  for  use. 

I.  (a.)  Lactic  Fermentation. — Nearly  all  milk,  if  allowed  to  stand  in 
a  warm  place,  becomes  sour,  owing  to  the  formation  of  lactic  acid  by  the 
alteration  of  the  milk  sugar  under  the  influence  of  bacteria. 

The  aerobic  bacteria  which  bring  about  this  change  in  milk  are  1 
numerous,  and  include  not  only  bacilli,  but  streptoco^ 
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About  35°  C.  is  the  optimum  temperature  for  the  growth  of  the  majority 
of  the  lactic  fermeuts,  and  they  cease  to  grow  at  about  9°  C.  ;  they  are 
readily  killed  by  heat,  since  they  are,  as  a  rule,  non-spore  forming.  The 
sugar  is  never  wholly  converted  into  lactic  acid,  because  the  acid  formed 
checks  and  finally  stops  the  growth  of  the  bacteria ;  if,  however,  the  milk 
is  kept  neutral  by  the  addition  of  chalk,  nearly  all  the  sugar  may  be 
converted  into  lactic  acid. 

When  the  lactic  acid  reaches  '207  per  cent,  according  to  Thorner,1  the 
milk  coagulates  on  warming.  Rideal 2  estimates  the  quantity  necessary 
to  bring  about  coagulation  as  somewhat  higher  than  this. 

The  milk  sugar  is  not  simply  converted  into  lactic  acid,  according  to 
the  equation 

for  there  is  always  a  certain  amount  of  C02  produced,  and  in  ordinary 
milk  very  often  alcohol  and  butyric  acid.  The  alcohol  produced  must  be 
regarded  as  a  bye-product  of  lactic  and  other  fermentations,  and  may 
finally  become  converted  into  acetic  acid. 

This  alcoholic  fermentation  under  ordinary  conditions  takes  place  to 
only  a  slight  extent,  but  by  introducing  the  right  organism  (this 
organism  would  appear  to  be  the  yeast  found  in  Kephir  grains)  nearly 
the  whole  of  the  sugar  may  be  converted  into  alcohol. 

(b.)  Butyric  Fermentation.  —  Sometimes  milk  develops  an  alkaline 
reaction,  becomes  bitter,  and  the  coagulum  at  first  formed  is  redissolved 
with  the  formation  of  butyric  acid.  This  change  is  brought  about  by  the 
butyric  bacillus  and  other  allied  organisms.  Both  the  casein  and  milk 
sugar  undergo  decomposition,  and  it  is  at  present  impossible  to  give  any 
formula  approximately  representing  the  change.  Analysts  who  receive 
milk  in  this  state  will  be  unable  to  form  any  accurate  idea  of  the  original 
composition  of  the  milk. 

(c.)  Proteid  Ferments. — Many  bacteria,  both  aerobic  and  anaerobic,  de- 
compose the  proteids  of  milk.  Their  action  is  very  complicated  and  little 
understood.  Some  of  them  would  appear  to  act  in  a  similar  manner  to 
pepsin  and  trypsin,  producing  peptone,  leucine,  tyrosine,  and  butyric  acid. 

0.  Kalischer8  has  named  those  aerobic  sporing  organisms  which  are 
not  destroyed  at  90°-95°  C.  '  peptonising  bacteria/  and  according  to  him 
they  form  ammonia,  and  cause  a  diminution  of  lactose,  at  the  same  time 
converting  the  casein  into  peptone,  leucine,  trypsin,  and  hydroxy  acids. 

II.  Milk  Faults. — Red  Milk. — This  may  be  caused  by  the  growth  of 
Bacillus  lactis  erythrogenes  or  Sarcina  rosea.  Micrococcus  rosaceus  and 
Mici'ococcus  prodigiosus  are  also  said  to  have  caused  trouble  in  milk. 
These  organisms  are  all  slow  growing. 

Blue  Milk. — This  is  caused  by  Bacillus  cyanogenus.  Patches  of  a  blue 
colour  appear  upon  the  surface  of  the  infected  milk  after  from  about 
twenty-four  to  seventy-two  hours.  The  blue  colour  is  only  produced  in 
the  presence  of  lactic  acid;  in  alkaline  milk  a  slate  colour  is  produced. 
The  organism  occurs  in  many  shapes : — (1)  cocci-like  bodies ;  (2)  short  rods, 
sometimes  collected  into  zoogloea  masses  ;  (3)  somewhat  larger  rods  having 
a  spore  in  the  middle  or  at  the  end ;  (4)  other  irregular  patches.  The 
organism  is  mobile,  except  in  the  zoogloea  patches. 

1  Chem.  Zeit.t  1891,  p.  1108. 

2  Departmental  Committee  on  Food  Preservatives,  etc.,  1901.    App.  xxiv. 
9  Arch.  Hygiene,  1900,  87,  80-58. 
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Yellow  Milk  is  said  to  be  caused  by  the  Bacillus  synxanthus,  Violet 
Milk  by  the  Bacillus  violaceus,  Bitter  Milk  by  a  number  of  different 
bacteria,  such  as  Weigmann's  bitter  milk  bacillus  and  Conn's  bitter  milk 
micrococcus. 

Slimy  or  Ropy  Milk  is  milk  which  becomes  thick  and  slimy;  such 
milk  is  not  uncommon.  It  is  caused  by  a  very  large  variety  of  micro- 
organisms. It  may  be  produced  artificially  by  immersing  the  stem  of 
the  butterwort  (Pinguecula  vulgaris)  in  the  milk,  and  in  Norway  is  used 
as  an  article  of  diet.1 

For  all  these  faults,  cleanliness  and  disinfection  will  be  found  efficient 
remedies. 

The  Preservation  of  Milk. 

§  180.  The  preservation  of  milk  is  a  problem  of  great  practical 
importance. 

The  commercial  methods  may  be  divided  into  three,  i.e.,  the  application 
of  (1)  Cold,  (2)  Heat,  (3)  Preservatives. 

To  these  may  be  added  methods  which  are  of  value  to  the  food  analyst, 
but  which  render  the  milk  unfit  for  use  as  a  food. " 

(1)  Cold. — The  majority  of  bacteria  cease  to  be  active  at  about  4°  C, 
so  that  milk  will  keep  for  a  very  long  time  at  low  temperatures.  In  the 
milk  trade  great  and  increasing  use  is  made  of  this  method  of  preservation. 
It  is  to  be  noted  that  if  portions  of  the  milk  are  actually  frozen,  unless  care 
be  exercised  in  remeltiiig  and  mixing,  the  ice  portion  will  have  much  the 
same  composition  as  watered  milk.  This  method  does  not  destroy  disease 
germs,  if  present. 

(2)  Heat. — (a)  If  milk  be  pasteurised,  i.e.,  heated  to  about  70°  C.  for 
20  minutes,  the  majority  of  the  non-sporing  bacteria  will  be  killed,  and 
the  milk  will  keep  for  a  considerably  longer  time  than  un-pasteurised 
milk.  This  method  usually  destroys  all  disease  germs,  with  the 
exception  of  spores,  (b)  If  milk  be  heated  to  120°  C.  for  2  hours, 
or  to  130°  C.  for  30  minutes,  all  or  nearly  all  bacterial  life  will  be 
killed.  This  heating  to  a  high  temperature  has  many  disadvantages,  as 
the  albumen  is  altered,  calcium  citrate  is  deposited,  there  is  a  certain  amount 
of  caramelisation  of  the  lactose  and  an  aggregation  of  the  fat  globules. 
Heating  milk  to  any  temperature  over  70°  C,  according  to  Duclaux,  imparts 
to  it  a  permanent  cooked  taste. 

(c)  Intermittent  pasteurisation,  i.e.,  heating  to  70°  C.  for  20  minutes, 
on  several  successive  days,  and  incubating  at  37°  C.  in  the  intervals,  will 
eventually  sterilise  milk. 

To  these  methods  may  be  added  evaporation  processes  either  with  or 
without  the  addition  of  sugar,  as  in  the  preparation  of  condensed  milks  and 
milk  powders. 

It  is  interesting  to  note  that  many  of  the  so-called  sterilised  milks  on  the 
market  contain  bacterial  life,  especially  in  the  form  of  anaerobic  spores.2 

(3)  Preservatives. — The  numerous  substances  which  are  added  to  milk 
in  order  to  preserve  it  for  a  short  time  have  already  been  described  (page 
234).  It  should  be  widely  known  that  the  small  quantities  of  preservatives 
used  in  commercial  milks  do  not  kill  the  specific  organisms  of  typhoid, 
cholera,  and  other  pathogenic  organisms,  as  we  have  ascertained  by 
numerous  experiments.    Such  preserved  milks,  far  from  being  safer  than 

1  Aikman,  Milk :  its  Nature  and  Composition,  1895,  p.  88. 

2  A.  Weber,  Arb.  aus  dem.  Kaiser.  QemndheitsamJUy 
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ordinary  milks,  are  in  our  opinion  far  more  dangerous,  since  they  often 
come  from  those  dairies  which  rely  more  on  preservatives  than  they  do  on 
thorough  cleanliness. 

(4)  Method*  of  Use  to  the  Analyst. — It  is  often  of  great  importance  to 
preserve  milk  for  a  long  time  in  a  fit  state  for  analysis. 

Many  methods  have  been  proposed,  none  of  them  being  altogether 
satisfactory.  Cold  or  heat  may  be  used,  but  the  first  is  not,  as  a  rule, 
available  to  the  ordinary  analyst.  Heat  has  the  disadvantage  of  altering 
the  composition  of  the  sample  to  a  slight  degree,  and  causes  the  cream  to 
clot  at  the  surface.  Of  the  ordinary  preservatives,  *  Formalin '  is  the  best 
to  use  for  preserving  milk  for  a  short  time.  Bevan 1  has  shown  that  the 
total  solids  are  increased  by  the  addition  of  formalin.  If,  however,  3 
drops  of  40  per  cent,  formic  aldehyde  solution  are  added  to  an  8-oz.  bottle 
of  milk,  the  correction  for  total  solids  will  only  be  in  the  second  place  of 
decimals. 

Richmond2  advocates  the  addition  of  £  c.c.  of  ordinary  hydrofluoric 
acid  to  100  c.c.  of  milk.  This  curdles  the  milk,  and  the  bottle  must  be 
well  shaken  before  taking  a  sample.  The  ash  is  slightly  increased  by  the 
acid  attacking  the  glass.  "  This  is  a  very  good  method  when  samples  are  to 
be  kept  for  a  long  time.  The  addition  of  alcohol,  chloroform,  and  solid 
preservatives  we  have  not  found  satisfactory. 

Skim-milk. — Separated  Milk, 

§  181.  Skim-milk  is  milk  skimmed  by  hand;  separated  milk  is  milk 
which  has  been  '  whirled '  in  a  centrifugal  apparatus ;  by  this  latter  pro- 
cess a  far  more  perfect  separation  of  the  milk-fat  is  effected.  By  the  old 
method  of  setting  in  open  pans  from  '8  to  1*0  per  cent,  of  milk-fat  remained ; 
by  the  modern  centrifugal  method,  only  from  "1  to  "5  per  cent,  of  milk-fat 
is  left.  The  composition  of  separated-milk  compared  with  the  milk  in  its 
original  state  is  well  seen  in  the  following  analyses  by  W.  Fleischmann  : — 


Fresh  Milk. 

Cream. 

Separated-Milk. 

Fat,      .       .  . 

3*64 

67-63 

•46 

Casein,  . 

273 

1-17 

2-88 

Albumen, 

•68 

•25 

•49 

Sugar,  . 

4-69 

2-25 

5-34 

Ash, 

Water,  . 

71 

•12 

•72 

87*55 

28*58 

90*11 

Total  solids,  . 

12-45 

71-42 

9*89 

•  Solids  not  fat,'  . 

8-81 

879 

9-43 

Thus,  by  the  operation  the  proportion  of  'solids  not  fat'  has  been 
somewhat  raised,  and  this  is  constantly  observed,  and,  of  course,  the  specific 
gravity  is  also  raised,  gravities  as  high  as  1*037  and  above  being  met  with. 

Condensed  Milk. 

§  182.  Condensed  milk  is  prepared  by  concentrating  whole  or  separated 
milk.  The  product  may  or  may  not  contain  added  sugar.  As  a  ride,  the 
sugar  added  is  cane  sugar,  but  invert  sugar  may  be  present.8    There  are 

1  Analyst,  xx.,  152. 

2  Dairy  Chemistry,  1899,  p.  144. 

8  Select  Methods  of  Analysis,  by  Leffmann  and  Beam,  p.  225. 
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also  in  the  market  several  forms  of  condensed  milk  mixed  with  other 
matters,  specially  prepared  for  the  feeding  of  infants. 

Analysis  of  Condensed  Milks, — In  the  analysis  of  condensed  milks  it  is 
not  advisable  to  treat  the  condensed  milk  direct  with  solvents,  even  if  the 
milk  is  presented  as  a  dry  powder,  for  the  sufficient  reason  that  it  is  found 
difficult  to  ensure  equal  admixture  of  aliquot  parts  of  the  product.  It  is 
better  to  mix  as  thoroughly  as  possible  the  whole  contents  of  the  sample 
submitted,  to  weigh  out  from  10  to  50  grms.,  dilute  with  water  to  a 
definite  bulk  and  to  take  aliquot  portions  of  this.  A  convenient  strength 
is  10  grms.  of  the  sample  in  100  c.c.  of  water. 

§  183.  Total  Solids. — 10  c.c.  of  a  10  per  cent,  solution  are  run  into  a 
weighed  platinum  dish  and  dried  first  over  the  water  bath  and  then  in  an 
air  bath  at  110°  C.  until  loss  of  weight  practically  ceases.  Any  difficulty 
experienced  in  drying  may  be  dealt  with  by  the  use  of  a  little  asbestos 
in  the  platinum  dish. 

§  184.  Ash. — The  residue  from  the  total  solids  is  burned  in  a  muffle 
and  weighed. 

§  185.  Estimation  of  the  MUk- Fat. — Accurate  estimation  of  milk-fat  in 
sweetened  condensed  milk  is  not  easy;  the  ordinary  Adams  method,  for 
example,  gives  erroneous  results,  because  the  cane  sugar  dries  in  a  hard 
mass  on  the  filter  coil  and  renders  the  extraction  of  the  fat  difficult.  J.  F. 
Geisler,  however,  believes  he  has  attained  fair  results  by  using  for  the 
extraction  petroleum  spirit  or  a  mixture  of  this  with  15  per  cent,  anhydrous 
ether. 

Centrifugal  Methods. — Pearmain  and  Moor1  obtained  what  they  con- 
sidered fair  results  by  the  Lefimann-Beam's  process,  using  1  grm.  of  the 
original  sample  and  adding  H2S04  of  85  per  cent,  strength. 

A  better  process,  however,  is  that  of  Leach.2  Twenty-five  o.c.  of 
40  per  cent,  solution,  corresponding  to  10  grms.  of  the  original  milk,  are 
measured  into  the  ordinary  test  bottle  for  milk-fat  determination  used  in 
the  Babcock  machine.  The  bottle  is  then  filled  nearly  to  the  neck  with 
water,  the  contents  shaken  and  4  c.c.  of  a  solution  of  copper  sulphate  of 
the  approximate  strength  of  Fehling's  copper  solution  is  added.  The 
bottle  is  then  well  shaken  and  whirled  in  the  centrifuge  until  the  pre- 
cipitate, which  consists  of  the  proteids  and  the  fat,  has  settled  out.  The 
clear  supernatant  liquid,  which  contains  the  sugar  in  solution,  is  drawn 
off  by  means  of  a  pipette  having  sufficient  capacity,  a  small  wisp  of 
absorbent  cotton  being  lightly  twisted  about  the  lower  end  of  the  pipette 
to  serve  as  a  filter.  If  a  suction  pump  is  available,  it  will  be  found 
convenient  for  this  purpose.  After  the  liquid  is  drawn  up  into  the  pipette, 
the  cotton  wad  is  removed  from  its  lower  end  by  rubbing  against  the 
inside  of  the  neck  of  the  bottle,  and  the  pipette  is  withdrawn.  The 
precipitate  is  washed  twice  as  above  by  decantation,  taking  care  to 
thoroughly  mix  the  settled  precipitate  with  the  wash  water.  If  the 
precipitate  cakes  down  hard,  it  may  be  desirable  to  use  a  platinum  wire 
as  a  stirrer.  After  the  final  washing,  sufficient  water  is  added  to  amount 
to  about  the  normal  volume  of  17 '6  c.c.  (the  quantity  of  milk  usually 
measured  for  the  Babcock  test).  The  contents  of  the  bottle  are  thoroughly 
mixed,  and  the  regular  amount  of  sulphuric  acid  is  added,  viz.,  17 '5  c.c. 

From  this  point  on,  the  usual  Babcock  centrifuge  method  is  followed. 
Multiplying  the  final  reading  by  18  we  get  the  percentage  of  fat.  In 

1  Analyst,  1895,  270. 

3  Fifth  Annual  Report  Massachusetts  State  Board  of  Health. 
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working  Leach's  method  we  have  found  that  unless  a  high  speed  machine 
is  used  the  proteids  settle  with  difficulty,  and  that  this  settling  is  aided 
by  standing  the  bottle  iu  ice-cold  water.  A  convenient  substitute  for  the 
pipette  and  cotton-wool  is  a  short  glass  tube  constricted  about  |th  of  an 
inch  from  the  end,  the  end  being  plugged  by  a  small  piece  of  well  teased 
asbestos,  the  nitration  being  assisted  by  attachment  to  a  pump.  A 
centrifugal  machine  is  not  absolutely  necessary,  as  the  proteids  settle  on 
long  standing. 

Werner  Schmidt  Method. — This  method  is  interfered  with  by  the 
carbonisation  of  the  cane  sugar. 

By  washing  the  ethereal  extract  with  cold  water,  until  no  more  colouring 
matter  is  removed,  or,  better  still,  by  the  use  of  petroleum  ether,  the  fat 
is  obtained  practically  pure  (Allen).1 

Leffmann  and  Beam  use  anhydrous  ether,  which  precipitates  the  caramel 
on  to  the  side  of  the  flask. 

We  have  used  successfully  the  following  modification : — The  proteids 
and  fat  are  precipitated  with  copper  sulphate,  as  in  Leach's  process ;  the 
precipitate  is  washed  with  cold  water  four  times,  the  proteids  dissolved  by 
HC1,  and  warming,  the  solution  transferred  to  a  separating  tube,  the 
original  bottle  well  washed  with  ether,  the  ether  added  to  the  liquid  and 
the  solution  extracted  in  the  ordinary  way  with  anhydrous  ether. 

The  Ritthausen  method  may  also  be  used,  the  precipitated  proteids 
and  fat  being  extracted  with  anhydrous  ether. 

§  186.  Estimation  of  the  Total  Proteids  in  Condensed  Milk. — 10  c.c.  of 
a  50  per  cent,  solution  of  condensed  milk  are  diluted  with  water  and  5  c.c.  of 
a  6  per  cent,  solution  of  sulphate  of  copper  added ;  the  fluid  is  then  treated 
with  d.n.  soda  solution  until  nearly  neutral,  and  the  precipitate  dealt  with 
as  described  in  Ritthausen's  process,  p.  226. 

§  187.  Estimation  of  Lactose  in  Condensed  Milk. — The  best  method  is 
to  precipitate  the  proteids  by  copper  sulphate  and  sodium  hydroxide  and 
determine  the  reducing  sugar  in  the  filtrate  gravimetrically.  Volumetric 
methods  may  also  be  used  when  only  approximate  results  are  required. 

§  188.  Estimation  of  Cane  Sugar  in  Condensed  Milk. — An  approximate 
estimation  of  the  cane  sugar  may  be  made  by  deducting  the  proteids, 
ash,  fat,  and  milk  sugar  from  the  total  solids.  Such  a  method  is  useful 
as  a  check  on  more  exact  methods  of  analysis. 

Leflmann  and  Beam's  method  consists  essentially  of  precipitating 
proteids  by  mercuric  nitrate  and  taking  a  polarimetric  reading,  then,  after 
nearly  neutralising  the  filtrate  and  adding  a  little  thymol,  inverting  by 
invertase  at  35°  C.  to  40°  C,  and  allowing  it  to  stand  for  twenty-four  hours. 
The  cane  sugar  is  inverted,  the  milk  sugar  remaining  unaffected.  The 
polarimetric  reading  is  taken  after  clearing  with  aluminium  hydroxide. 
The  difference  in  the  reading  will  give  the  cane  sugar.  The  usual  correc- 
tions for  precipitated  proteids  and  fat  must  be  made. 

Stokes  and  Bodmcr  determine  first  the  reducing  power  of  a  clear 
filtrate.  This  is  due  to  lactose,  and  can  be  calculated  as  such.  Next,  the 
filtrate  is  boiled  with  citric  acid  solution  (1  per  cent.),  and  submitted  to 
Fehling,  an  increased  K  is  observed,  which  obviously  is  due  to  both  invert 
sugar  and  lactose.  The  amount  of  lactose  being  known,  it  is  easy  to  calcu- 
late the  reduction  due  to  cane  sugar. 

W.  D.  Bigelow  and  K.  P.  MacElroy  use  the  following  method  to 
determine  the  carbo-hydrates  of  condensed  milk : — 

1  Commercial  Organic  Analysis,  iv.f  229. 
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The  following  solutions  are  required  : — 

Acid  Mercuric  Iodide. — Mercuric  chloride,  1*45  grms.;  potassium  iodide, 
3*32  grms. ;  glacial  acetic  acid,  2  c.c. ;  water,  64  c.c. 

Alumina  Cream. — A  cold  saturated  solution  of  alum  is  divided  into 
two  unequal  parts;  to  the  larger  portion  is  added  a  slight  excess  of 
ammonium  hydroxide,  the  remainder  is  mixed  until  there  is  only  a  faintly 
acid  reaction. 

The  entire  contents  of  a  can  are  mixed  thoroughly  in  a  porcelain  dish. 
A  number  of  portions  of  25  grms.  each  are  taken  and  placed  in  100  c.c. 
flasks.  To  two  of  the  flasks  water  is  added,  and  the  solutions  boiled. 
The  flasks  are  cooled,  the  contents  clarified  by  the  mercuric  solution,  and 
the  alumina  cream  filtered,  made  up  to  a  definite  volume,  and  a  polari- 
metric  reading  taken.  Other  portions  of  the  milk  are  heated  in  the  water 
bath  to  55°  C,  and  inverted  by  means  of  invertase  (or  brewers'  yeast),  the 
invertase  being  allowed  to  act  for  five  hours.  The  sample  is  then  clarified, 
filtered,  and  polarised.  The  difference  of  the  two  readings  serves  as  a  basis 
for  calculating  the  percentage  of  cane  sugar.  A  correction  for  the  volume 
of  precipitated  proteids  and  fat  must  be  made. 

The  total  reducing  sugar  is  estimated  by  Fehling  in  one  of  the  portions ; 
if  the  sum  of  it  and  the  amouut  of  cane  sugar  obtained  by  inversion  is 
equal  to  that  estimated  by  the  polarimetric  reading  before  inversion,  no 
invert  sugar  was  originally  present  in  the  sample.  But  if  the  reducing 
sugar  is  too  great,  the  amount  of  milk  sugar  must  be  redetermined  as 
follows : — 

250  grms.  of  the  condensed  milk  are  dissolved  in  water,  the  solution 
boiled,  cooled  to  80°,  and  a  solution  of  about  4  grms.  of  glacial  phosphoric 
acid  added ;  the  mixture  is  kept  at  80°  C.  for  a  few  minutes,  then  cooled 
to  the  ordinary  temperature,  made  up  to  a  definite  volume,  shaken  and 
filtered.  It  may  be  assumed  that  the  volume  of  the  precipitate  is  equal 
to  that  obtained  by  mercuric  iodide  solution.  The  free  acid  is  nearly 
neutralised  by  sodium  hydroxide,  and  sufficient  water  added  to  compensate 
for  the  volume  occupied  by  the  solids  precipitated  by  phosphoric  acid. 
The  whole  is  now  filtered,  and  the  filtrate  measured  in  portions  of  100  c.c. 
into  flasks  of  200  c.c.  capacity.  A  solution  containing  20  mgrms.  of 
potassium  fluoride  and  half  a  cake  of  compressed  yeast  is  added  to  each 
flask  and  the  mixture  allowed  to  staud  for  10  days,  at  a  temperature 
between  25°  and  30°  C.  In  the  presence  of  a  fluoride  the  invert  and  cane 
sugar  are  fermented  by  the  yeast,  while  the  milk  sugar  remains  unaffected. 
The  remaining  milk  sugar  is  therefore  determined  by  the  polariscope.  The 
invert  sugar  and  lactose  have  already  been  determined  by  a  copper  solution 
on  the  original  unfermented  solution ;  and,  by  subtracting  the  copper 
due  to  lactose,  the  invert  sugar  (if  present)  may  be  calculated. 

§  189.  Composition  of  Original  Milk. — The  best  method  is  to  calculate 
to  a  standard,  such  as  the  average  amount  of  non-fatty  solids  in 
ordinary  milk,  or  the  average  total  proteids.  The  average  non-fatty  solids 
may  be  taken  as  8 '9  per  cent.,  the  average  proteids  3  4  per  cent. 

The  fat  of  the  original  milk  is  then  calculated  as  follows : — 

Fat  of  original  mflk=     Fat  of  condensed  milk  x  8  "9 


Non-fatty  solids  of  condensed  milk 

Fat  of  original  milk-     4      Fat  x  8-4  ^ 

Proteids  of  condensed  milk 


The  non-fatty  solids  of  condensed  milk  will  include  only  milk  au^r^ 
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proteids,  and  mineral  substances,  and  will,  for  the  purpose  of  calculation, 
exclude  cane  and  invert  sugars  and  added  preservatives.  The  total  solids 
of  the  original  milk  may  be  arrived  at  by  adding  8*9  to  the  percentage  of 
fat  calculated  for  the  original  milk.  The  ash  of  the  original  milk  may  be 
calculated  on  the  same  principles,  thus : — 

.  ,    -    .  .    ,    .„         Ash  of  condensed  milk  x  8*9 

Ash  of  original  milk-— — —  — —  — Tl . 

Non-fatty  solids  of  condensed  milk 

§  190.  Degree  of  Concentration.  —  The  degree  of  concentration  is 
obtained  by  dividing  the  total  milk  solids  of  condensed  milk  by  the 
calculated  milk  solids  in  the  original  milk,  thus : — 

Degree  of  concentration  -  ^  of  ™ndens«d  ™*k. 

Total  milk  solids  of  original  milk 

Example : — Viking  Brand  : 

Per  cent. 

Total  milk  solids,  35  '53 

Non-fotty  solids,  25*1 

Fat,  10*43 

Fat  of  original  milk  - 10*^*8'9  -  3  7. 

Total  solids  of  original  milk  8  '9  +  3  *7  - 12  '6. 

or  «eo 

Degree  of  concentration  by  weight  —  ——  —  2 '82. 

12*6 

The  meaning  of  the  'degree  of  concentration'  is,  taking  the  above 
example,  that  every  grm.  of  condensed  milk  must  be  made  up  to  2*82 
grms.  with  water  in  order  to  produce  a  fluid  containing  3*7  per  cent,  of 
fat  and  12  6  per  cent,  of  total  solids;  hence,  in  the  above  case,  to  every 
100  grms.  of  milk  182  grms.  of  water  must  be  added. 

If  the  volume  of  water  required  to  dilute  a  given  volume  of  condensed 
milk  to  its  original  composition  is  wanted,  it  will  be  necessary  to  know  the 
specific  gravity  of  the  condensed  milk. 

The  degree  of  concentration  by  volume  will  equal  the  degree  of  con- 
centration by  weight  multiplied  by  the  specific  gravity  of  the  condensed 
milk,  or 

Degree  of  concentration  by  volume 

_  Total  milk  solids  of  condensed  milk  x  sp.  gr.  of  condensed  milk 
Total  milk  solids  of  diluted  milk. 


From  this  value  deduct  1  to  get  the  volume  of  water  to  be  added  to 
every  1  c.c.  of  the  condensed  milk,  in  order  to  produce  a  fluid  having  the 
same  amount  of  milk  solids  as  the  original  milk. 

§  191.  Adulteration  of  Condensed  Milk. — The  most  common  adulteration 
is  the  removal  of  fat  from  the  original  milk  before  concentration.  This 
may  be  detected  by  calculating  in  the  manner  already  given  the  composition 
of  the  original  milk. 

It  has  been  proposed  to  judge  the  quality  of  condensed  milk  by  the 
relationship  between  the  proteids  and  fat,  i.e.,  condensed  milk  should  contain 
as  much  fat  as  proteids.  The  average  amount  of  proteids  in  genuine  milk 
is  3*4  per  cent.,  and  it  is  the  least  variable  of  all  the  constituents.  Hence, 
according  to  this  standard,  the  fat  would  have  to  be  3 '4  per  cent. ;  since, 
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however,  the  limit  in  this  country  is  3  per  cent,  for  milk  fat,  no  higher 
richness  in  fat  can  be  insisted  upon  as  regards  milk  used  for  condensing,  so 
that  it  is  preferable  to  calculate  the  composition  of  the  original  milk  either 
on  a  standard  of  8*9  per  cent,  solids  not  fat  or  on  a  standard  of  3*4  per 
cent,  total  proteids ;  if,  then,  the  fat  of  the  original  milk  falls  below  3  per 
oent.  the  condensed  milk  may  be  judged  deficient  in  fat. 

Cane  Sugar. — Cane  sugar  may  be  found  in  samples  of  milk  stated  to  be 
free  from  such  addition ;  it  may  be  tested  for  by  Cotton's  method  (p.  233), 
and  estimated  by  the  processes  already  given. 

Glucose. — According  to  Richmond,1  glucose  is  sometimes  substituted  for 
cane  sugar.  Its  presence  may  be  detected  by  the  high  reducing  power 
before  inversion  and  by  the  fact  that  the  reducing  sugar  bears  no  relation 
to  the  amount  of  total  proteids  in  the  sample.  In  ordinary  condensed  milk, 
the  milk-sugar  is  about  1*44  times  the  quantity  of  total  proteids. 

Starch  has  been  found  in  ordinary  condensed  milk,  and  it  is  sometimes 
found  in  condensed  milks  '  prepared  for  infants  * ;  it  is  easily  detected  by 
the  addition  of  iodine  solution. 

Glycerin  is  stated  (Allen)  to  have  been  found  as  an  adulterant  of  con- 
densed milk. 

Preservatives  may  be  looked  for  in  the  same  manner  as  in  milk. 

Cream. 

§  192.  Milk  on  being  allowed  to  rest  for  some  time  becomes  covered 
with  a  yellow  fatty  layer,  known  as  cream.  In  composition  it  fairly  agrees 
with  ordinary  milk,  save  that  it  contains  a  large  percentage  of  fat,  and 
that  there  is  also  a  somewhat  relatively  higher  percentage  of  casein  and 
albumen.    The  albuminoids  have  a  tendency  to  separate  partially,2  and 

1  Dairy  Chemistry,  p.  146,  1899. 

2  Richmond  considers  this  to  be  due,  in  the  case  of  clotted  cream,  such  as  Devonshire 
cream,  to  the  evaporation  of  water  from  the  surface  during  heating.  In  the  case  of 
ordinary  cream  he  denies  that  the  ratio  of  solids  not  fat  to  water  is  any  hither  than  in 
milk.  He  considers  that  other  observers  have  fallen  into  this  error  through  not  taking 
into  account :  (1)  the  evaporation  of  water  from  the  surface  of  the  cream,  (2)  methods  of 
analysis,  i.e.,  either  the  fat  has  been  imperfectly  extracted,  or  has  increased  in  weight 
through  overheating.  He  has  also  worked  out  the  following  table,  which  enables  the  fat 
to  be  judged  with  considerable  accuracy  from  the  total  solids  of  ordinary  cream  but  not 
from  clotted  creams : — 


TABLE  XX.—  Ratio  op  Fat  to  Total  Solids  in  Crkam. 


Total 

Fat 

Solids 

Total 

Fat. 

Solids 

Total 

Fat. 

Solids 

Solids. 

not  Fat. 

Solids. 

not  Fat 

Solids. 

not  Fat. 

60 

65*8 

4*2 

49 

437 

6'3 

38 

31*6 

6*4 

69 

647 

4'3 

48 

42*6 

6'4 

37 

30*4 

6*6 

68 

63*6 

4*4 

47 

41*6 

6'6 

86 

29*3 

67 

67 

52'5 

4'5 

46 

40'4 

6'6 

36 

28-2 

6'8 

66 

61-4 

4*6 

46 

39*3 

67 

34 
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6'9 

66 

50-3 

4-7 

44 

38-2 

6*8 

33 

26*0 

7-0 

64 

49*2 

4'8 

43 

37-1 

6'9 

32 

24*9 

7-1 

63 

48*1 

4*9 

42 

36-0 

6-0 

31 

23*8 

7'2 

62 

47*0 

6*0 

41 

34*9 

6-1 

30 

22  7 

7*3 

61 

46*9 

6-1 

40 

33-8 

6'2 

29 

21-6 

7-4 

60 

44 '8 

6'2 

39 

32*7 

6'3 
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that  the  artificial  thickening  of  cream  by  any  addition  of  gelatin  or  other 
substance  shall  raise  a  presumption  that  the  cream  is  not  genuine. 

For  the  detection  of  gelatin  in  cream  Stokes*  method  may  be  used  : — To 
10  grammes  of  cream  add  25  c.c.  of  water  and  2  c.c.  of  Wiley's  acid 
mercuric  nitrate  solution,  and  shake  well ;  filter  through  a  dry  filter.  In 
the  presence  of  much  gelatin  the  filtrate  cannot  be  obtained  clear,  and  it  is 
not  essential  that  it  should  be  so.  On  adding  a  saturated  solution  of  picric 
acid  in  water,  a  yellow  precipitate  will  come  down  if  gelatin  be  present.  If 
the  quantity  of  gelatin  be  small,  the  precipitate  will  not  form  for  some 
minutes. 

Richmond  describes  a  substance  known  as  '  viscogen,'  consisting  of  lime 
in  cane  sugar  syrup,  of  which  he  says  a  small  quantity  has  a  remarkable 
effect  in  increasing  the  thickness  of  cream. 

Dextrin  and  Starch  have  been  used. 

Albumen  has  been  found  by  one  of  us ;  it  may  be  detected  by  estimating 
the  casein  and  albumen  in  the  cream ;  they  should  have  the  same  approxi- 
mate ratio  to  the  water  as  they  have  in  milk. 

Colouring  Matters. — Cream  is  very  often  artificially  coloured,  the  colours 
most  frequently  used  being  aunatto  and  coal-tar  yellows.  The  colours  may 
be  detected  as  in  milk/ 


Koumiss. 

§  194.  Koumiss  is  an  alcoholic  drink  made  by  the  fermentation  of  milk  ; 
it  is  prepared  by  the  nomad  population  of  Asia  (especially  by  the  Tartars) 
from  the  milk  of  the  mare  and  that  of  the  camel :  it  is  also  manufactured 
from  cows'  milk.  The  preparation  of  koumiss  by  the  Tartars  is  very 
simple :  ten  parts  of  fresh  warm  milk,  with  a  little  sugar,  are  added  to  one 
part  of  milk  which  is  already  sour — that  is,  which  contains  lactic  ferment — 
and  the  whole  is  allowed  to  rest  for  two  or  three  hours  with  repeated 
stirring.  The  chemical  changes  taking  place  seem  to  be  a  partial  decom- 
position of  the  sugar  into  lactic  acid,  the  development  of  carbon  dioxide 
and  alcohol,  and  possibly  certain  changes  in  the  albuminoids,  changing 
them  partly  into  peptones.  The  composition  of  koumiss,  since  it  may  be 
derived  from  such  different  sources,  is  variable.  A  few  analyses  are  as 
follows : — 


Mean  of 

Koumiss  from 

Koumiss  from 

Koumiss 

ten  analyses. 

mares'  milk. 

cows'  milk. 

43  hours  old. 

Kttnig. 

W.  Fleischmann. 

W.  Fleischmann.  i  J.  A.  Wanklyn. 

Water, 

87*88 

91*53 

88-93 

87*32 

Milk-sugar,  . 
Lactic  acid,  . 

376 

1-25 

3-11  \ 

6*60 

1-06 

roi 

•79/ 

Casein, 

2-83 

1'91 

2-03 

284 

Milk-fat,  . 

•94 

1-27 

•85 

•68 

Alcohol, 

1-59 

1-85 

2-65 

1-00 

Carbonic  acid, 

•88 

•88 

1-03 

•90 

Ash,  .... 
m 

1*07 

•29 

-44 

•66 

In  the  koumiss  from  cows'  milk,  Fleischmann  separated  -166  per  cent, 
orglycerin. 
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Buttermilk. 

§  195.  Buttermilk  is  the  thin  whey  left  behind  when  the  fat  has  been 
extracted  in  the  process  of  butter-making.  It  is  never  fat-free ;  it  contains 
all  the  constituents  of  milk,  but  a  great  portion  of  the  sugar  has  been 
changed  into  lactic  acid.    It  is  then  essentially  a  dilute,  poor  acid  milk. 

The  average  composition  of  fresh  buttermilk  is : — 


Water,   90*62 

Casein,   3*78 

Fat,   1-25 

Milk-sugar,                                                  .  8*38 

Lactic  acid,   32 

Ash,   *66 


The  lactic  acid  tends  to  increase,  so  that  samples  which  have  stood 
a  little  time  will  contain  more  lactic  acid  than  the  proportion  above  given ; 
besides  the  ordinary  salts  of  milk  it  frequently  contains  the  common  salt 
added  to  preserve  the  butter.  It  is  not  an  article  of  commerce,  and  from 
its  occurrence  merely  as  a  bye-product  differs  in  composition  considerably.1 

Butter. 

§  196.  Constituents  of  Butter, — In  the  manufacture  of  butter  the 
cream  is  violently  agitated  in  a  churn  or  other  suitable  apparatus,  and  in 
this  manner  the  thin  membrane  2  enclosing  the  fat  globules  is  supposed  to 
be  ruptured.  The  free  fat  then  coalesces,  entangling  with  it  some  casein 
and  serum ;  the  butter  is  well  pressed  together  to  free  it  as  much  as 
possible  from  moisture,  and  salt  added  to  assist  its  preservation.  Butter, 
therefore,  is  composed  principally  of  milk-fat,  with  a  small  and  variable 
quantity  of  water,  casein,  milk-sugar,  and  ash,  the  latter  consisting  chiefly, 
but  not  entirely,  of  the  salt  added. 

The  fat  of  butter  may  be  shown,  by  careful  cooling,  to  consist  of  about  45  "5  per 
cent,  of  butter  oil  and  54 '5  per  cent,  of  solid  fat ; 3  it  is  usually  stated  to  consist  of  a 
mixture  of  the  glycerides  of  the  fatty  acids— palmitic,  stearic,  and  oleic — not  soluble  in 
water ;  and  also  of  the  glycerides  of  certain  soluble  and  volatile  fatty  acids,  principally 
butyric,  with  small  quantities  of  caproic,  caprylic,  and  capric  acids.  It  is  the  association 
of  about  7*8  per  cent,  of  the  triglycerides  of  these  volatile  acids  with  the  glycerides  of  the 
insoluble  acids,  which  gives  to  butter-fat  its  peculiar  and  distinctive  characters ;  but 
it  is  probable  that  stearin,  palmitin,  butyriu,  and  caproin  do  not  exist  in  butter,  their 
place  being  taken  by  more  complicated  glycerides,  the  glycerin  being  combined  with 

/O  .  C4  0 

two  or  three  different  acids.    A  crystalline  glyceride,4  CjHs— 0  .  C]6HaOs,  has,  indeed, 

been  isolated  from  butter. 

The  different  constituents,  as  well  as  the  physical  characteristics,  of 
butter-  or  milk-fat  have  been  already  described  at  p.  196  et  seq. 

1  Some  analyses  by  Dr.  Vieth  (Analyst,  1884)  may  be  thus  summarised : — 


Total  Solids,     Fat,  Solids,  not  Fat,  Ash, 

percent,    percent       percent.  percent 
Maximum,    .       .    1070        2'51         1016  1'32 
Minimum,    .            8'13         "49           7*13  '64 
Mean,  .       .            9 '43         7            8  56  75 


2  Reasons  for  doubts  as  to  the  existence  of  this  membrane  are  given  at  page  194. 

3  A.  Wynter  Blyth  and  Robertson,  Journ.  Chem.  Soc.,  1889  (Proceedings),  5. 

4  A.  Wynter  Blyth  and  Robertson,  Op.  cit. 
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The  general  composition  of  butter-fat,  as  usually  stated,  is  as 
follows : — 

Glyoerides  Equal  to  Fatty  Acids. 


Olein,  . 


42*21  =    Oleic  Acid, 


40*40 


Stearin   and  )  Kn.nn  _  /  Stearic  and  Pal- 
Palmitin, .  \  ou  uu  ~  \    mitic  Acids,  .    47 '50 


87*90  Total  insoluble  solids. 
Butyrin,     .     4*67  =    Butyric  Acid,    .  3*49 
Caproin,     .     3  02  =    Caproic,      .       .  2*40 
Caprylin  and  \    .,  n  _  J  Caprylic  and  Rutic 
Rutin,     .  J  1    Acids,     .       .  *80 


100  001  = 


94*59  Total  acids.2 


Pure,  dry  butter-fat  melted  at  a  heat  not  exceeding  100'  F.,  has  at 
that  temperature  a  specific  gravity  ranging  from  -91079  to  91400;  its 
fusing  point,  taken  in  the  manner  to  be  described,  ranges  from  30°  *5  to 
36° *5 ;  average  specific  gravity  at  15°  is  93072. 

The  relative  proportions  of  fat,  casein,  and  salt,  in  butters,  may  be 
gathered  from  the  following  table : — 


1 

tj    „   ,         ;  Danish. 
Percent.  Richmond. 

1 

English. 
Richmond. 

Irish  Salt 
Firkin.  Tich- 
borne. 

Australian. 
Beamish  H 
and  Fo 

85*21 
1-30 
1-68 

11-81 

Swedish. 
Arlington 
rrest. 

Italian. 

Fat,  .             .  1  83-41 
Curd,       .      .1     1  30 
Salt  (Ash),       .  !  1-87 
Water,     .       .  1    13 '42 

1 

86*85 

0-  59 

1-  02 
11-54 

63-58-88-60 

0-  46-  4-16 

1-  02-  7*02 
8*12-30*84 

82*55    |  84-12 
1-16  -65 
2*70    j  -18 

13-59    |  15*05 

Margarine. 

§  197.  Margarine. — The  manufacture  of  margarine8  is  an  important 
industry  in  the  United  States,  and  is  also  largely  produced  in  Holland  and 

1  The  theoretical  percentage  of  C,  H,  and  O,  corresponding  to  these  glycerides,  is  as 
follows:— C  72-8,  H  13 '8,  O  13*9. 

2  E.  Duclaux  (Compl.  Bend.,  cii.,  1,022,  1,077)  by  a  process  of  fractional  distillation 
has  examined  a  series  of  prize  Normandy  butters,  in  special  relation  to  the  proportions 
of  Caproic  and  Butyric  acids  ;  his  results  are  contained  in  the  following  table : — 


1. 

2. 

3. 

4. 

6. 

6. 

7.     j  8. 

Fat.  

Milk-sugar,  .... 
Casein  and  salts,  . 

Caproic  acid  (per  cent.), 
Butyric  acid  (per  cent.), 
Sum  of  the  acids,  . 

Ratio,  .... 

12-40 
8671 
0-16 

073 

13-36 
85-48 
0-20 
0-96 

12-28 
86-76 
017 
0-79 

10*72 
88*30 
0-18 
0-86 

13*34 
86-01 
0-20 
0-45 

11-62 
86*62 
0*80 
1-66 

14-00 
85-81 
0*20 
0*49 

13*03 
86-33 
Oil 
0*53 

10000 
2-10 
8*55 
5*65 
21 

100-00 
2-18 
S-62 
5-70 
20 

100  00 
2-17 
8-53 
5-70 
2-0 

100-00 
2-23 
8-60 
6*83 
2*0 

100-00  100-00 

2-  26  ,     2  00 

3-  65  8-38 
6-91  1  5*38 
20  2-1 

100  00 
208 
3*62 
5-60 
21 

100-00 
2-19 
346 
5-65 
2-0 

The  mean  of  the  eight  determinations  gives  Caproic  2*15  and  Butyric  Acid  3*52  per  cent. 

3  M£ge  Mouries,  a  chemist,  appears  to  have  been  the  first  who  -proposed  the  manu- 
facture of  artificial  butter.  It  came  first  into  commerce  about  the  year  1872.  See 
Appendix. 
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in  Belgium.  As  manufactured  in  Chicago,  it  would  appear  to  be,  at  all 
events,  a  cleanly  article.  Animal  life  is  plentiful  in  the  States ;  American 
technical  operations  are  on  a  gigantic  scale,  and  too  much  capital  is 
involved  in  the  matter  to  allow  of  the  use  of  any  process  likely  to  disgust 
the  consumers.  The  chief  constituent  used  is  beef-fat,  which  consists  for 
the  most  part  of  stearin,  margarine  (so-called),  and  olein.  The  olein  and 
margarine  melt  at  a  much  lower  temperature  than  the  stearin.  Mutton- 
fat  contains  more  stearin  than  beef-fat ;  hence,  in  summer,  the  softness  of 
beef-dripping  as  compared  with  the  solidity  of  mutton-fat.  This  is  ob- 
viously the  reason  why  the  manufacturer  prefers  beef-fat.  The  process 
of  manufacture  is  briefly  as  follows : — The  beef-fat,  freed  first  as  much  as 
possible  from  fibre,  passes  in  a  very  finely-divided  state  from  a  sort  of 
mincing-machine,  technically  called  a  'hasher.'  to  large  tanks,  where  it 
is  melted  by  means  of  water-jackets  applied  to  the  tanks,  and  heated  to  a 
temperature  never  allowed  to  exceed  39°  C.  The  result  of  this  process  is, 
that  the  fat  melts  to  a  clear  yellow  oil,  the  water  and  debris  sinking  to 
the  bottom,  and  a  thin  scum  of  impurities  rising  to  the  surface.  The 
latter  is  skimmed  off,  and  the  yellow  oil  run  into  wooden  cars,  in  which 
the  stearin,  after  a  little  time,  begins  to  deposit  in  a  more  or  less  crystalline 
or  granular  condition ;  the  refined  fat  is  then  put  in  a  press-room,  and 
kept  at  a  temperature  of  from  26°  6  to  320,2  C.  The  oleo-margarine  is 
filtered  through  cotton  cloths,  and  ultimately  pressed ;  the  result  of  which 
is,  that  the  stearin  is  left  behind  as  a  white  cake,  and  is  ultimately  dis- 
posed of  to  the  candle-maker.  The  oleo-margarine,  at  this  stage,  is  quite 
tasteless,  and  has  no  flavour  of  butter.  This  flavour  is  given  by  churning 
it  with  milk ;  lastly,  the  product  is  coloured  with  annatto,  and  rolled  with 
ice,  after  which  it  is  either  made  up  into  pounds,  or  packed  into  kegs  for 
export.  Arrived  in  this  country,  it  is  either  sold  honestly  as  ' margarine  ' 
at  the  price  of  about  eightpence  per  pound ;  fraudulently  at  a  higher  price, 
as  butter;  or  it  is  used  as  an  adulterant  of  butter.  The  chemical  pro- 
portions of  the  artificial  butter  vary  according  to  the  fats  used  in  the 
manufacture  and  the  details  of  the  process  employed ;  but  they  all  agree 
in  this,  that  when  the  butter  is  saponified  and  the  acids  set  free,  there  is 
a  great  deficiency  of  soluble  fatty  acids,  as  compared  with  those  of  true 
butter-fat. 

A  recent  return  shows  that  during  one  month  the  following  ingredients 
were  used  in  the  manufacture  of  margarine  in  the  United  States,  the 
figures  indicating  the  percentage  each  ingredient  bears  to  the  whole. 
Neutral  fat  31*88,  olive-oil  28*84,  cotton-seed  oil  4*34,  salt  6*83,  milk 
16*13,  butter  and  butter-fat  7*10,  cream  4*02,  and  small  quantities  of 
sesame  oil,  colouring,  sugar,  stearine,  glycerine,  and  glucose. 

The  proximate  analysis  of  commercial  margarine  is  as  follows : — 


Water   12  01 

Palmitin   18*31 

Stearin   38*50 

OleiD,   24  95 

Butyrin,  Caproin,  and  Caprylin,   ....  '26 

Casein,        .       .    *74 

Salts   5*23i 


1  It  has  been  asserted  that  artificial  tributyrin  has  been  added  to  oleo-margarine. 
Such  an  admixture  may  be  readily  dissolved  out  of  the  butter-fat  by  strong  alcohol, 
while  the  natural  tributyrin  is  not  so  easily  separable  from  butter-fat  by  any  solvent. 
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percentage.  Keeping  the  butter  for  a  considerable  time  at  100°  C,  or  above, 
must  be  avoided,  for  it  increases  the  weight. 

The  above  method  has  the  merit  of  expedition,  and  it  is  tolerably 
accurate ;  but  the  water  may  also  be  estimated  by  placing  about  1  grin,  of 
the  butter  in  a  large  platinum  dish,  so  that  the  fat  forms  a  thin  layer,  and 
then  exposing  it  to  the  heat  of  the  water-bath  with  frequent  agitation  until 
it  ceases  to  lose  weight.  The  salt  is  best  determined  in  a  separate  sample  ; 
from  5  to  10  grms.  of  the  butter,  made  up  from  different  portions  of  the 
sample,  are  shaken  up  with  hot  water  in  a  separating  funnel,  the  water 
poured  away  from  the  fat,  and  the  chlorine  estimated  by  silver  nitrate  and 
potassic  chroinate,  as  described  in  the  article  on  Water  Analysis.  The 
milk  sugar  may  be  estimated  on  a  portion  of  this  water  extract  by  any  of 
the  usual  methods. 

The  fat  may  be  estimated  by  extracting  it  from  the  dried  residue  used 
for  the  water  determination,  by  boiling  ether,  benzene,  etc. ;  the  residue  left 
in  the  dish  dried  and  weighed  will  give  the  solids  not  fat  and  salt  and  any 
added  mineral  matter ;  these  two  latter  and  the  ash  subtracted  from  the 
'  solids  not  fat '  will  give  the  curd.  The  actual  proteids  are  best  estimated 
by  making  a  nitrogen  determination.  The  fat  is  usually  most  easily 
determined  by  subtracting  the  percentage  of  water,  curd,  and  minerals 
from  100. 

The  general  analysis  finished,  it  remains  to  consider  the  results  : — 
§  200.  Water.— (See  Sale  of  Butter  Regulations,  page  46.) 
The  quantity  of  water  in  well-made  butters  usually  lies  between  about 
9  per  cent,  and  15  per  cent,  the  average  being  about  12  per  cent.  Salt 
butter,  with  the  exception  of  Irish  pickled  butter,  contains,  as  a  rule,  a  little 
less  water  per  cent,  than  fresh  butter,  although  salt  butter  has  a  moister 
appearance. 

Butter  may  contain  an  excess  of  water  by  reason  of  (1)  faulty  or  bad 
methods  of  manufacture,  (2)  the  fraudulent  addition  of  water. 

(1)  If  butter  is  not  properly  made  it  may  contain  30  per  cent,  or  more 
of  water,  which  cannot  be  properly  got  rid  of  by  subsequent  washing  and 
working,  or  by  the  addition  of  salt ;  of  the  many  factors  which  go  to  make 
up  the  process  of  churning,  the  temperature  of  the  cream  or  milk  is  the 
most  important ;  this  temperature  has  been  found  to  lie  between  15*  and 
20°  C.  for  milk  and  12°  and  18°  C.  for  cream,  the  exact  temperature 
depending  on  the  kind  of  churn,  the  sourness  of  the  cream,  etc.  If  the 
proper  temperature  is  exceeded,  the  butter  will  be  soft  and  greasy  and  will 
contain  an  excess  of  water. 

The  method  at  present  used  in  certain  parts  of  the  south-west  of  Ireland, 
which  consists  in  working  into  the  butter  a  saturated  solution  of  salt,  must 
bo  considered  a  faulty  method  of  manufacture,  since  it  yields  a  butter  con- 
taining, as  a  rule,  a  large  excess  of  water.  The  brine  is  worked  into  the 
butter  either  at  the  ordinary  or  at  higher  temperatures. 

This  latter  method  is,  however,  according  to  several  authorities,  only 
used  for  the  purpose  of  fraudulently  adding  water  to  the  butter. 

The  valuable  experiments  of  Messrs.  It.  H.  Beamish,  W.  B.  Harrington, 
and  T.  A.  Forrest,  on  the  composition  of  Irish  dry  salted  butters  and  brine 
salted  butters  made  with  brine  at  various  temperatures,  clearly  showed 
that  properly  made  dry  salted  butters  need  never  contain  more  than  16 
per  cent,  of  water,  and  that  dry  salt  can  be  mixed  much  more  effectually 
with  the  butter  than  can  brine ;  they  further  found  that  the  difference  in 
the  amount  of  curd  in  dry  salted  and  pickled  butters  was  very  small  and 
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not  sufficient  to  influence  the  keeping  qualities  of  the  butters.  The  follow- 
ing table  summarises  their  results : — 

Table  Showinv.  the  Qr amity  of  Watbk  wrii-h  can  be  a: 

TO  BUTTER  AT  VARIOUS  TEMFEEATUEE.S. 


Far*  *ud  Dry  Salt*!  Batten.  j£*£uz.         P-£^:.       *  P^'U^ 


Frvni  the  Mur.*:er  1   Average,       .       .         I4\-*  \*l  *?* 

Driry  School.      \  Extreme  vmriati-n*.      :6"*  9-S'7       ?-f-0*;-5  i.-"4-:*>$ 


firin-'  Sain  t  Sam  ri*- 


Ttmvenxxat  ol  Brine.  fcr«s:i.  P*r«:.:.  P^r 


»-  W  F.   Aver*^  0-7$ 

ro*  f.      ,/   -::-3s         o  r: 

*o*  F   oi*:?  0-** 

F  .W£ 

105'  F.    *J>  iO  :  -5-5 


It  is  evideut  that  brine  salted  butters  may  l«  n=o:-gi.ised  by  their  high 
water,  high  salt,  and  low  curd  content. 

\  2)  Water  may  be  fraudulently  added  :o  butter  a:  the  original  churning, 
by  working  the  butter  at  a  high  temperature,  or  bv  using  ho:  br  u~.  or 
bv  working  water  or  milk  into  the  butter  after  nuAUuraetur*.:-.  Tiu- 
latter  process  was  practised  at  one  time  :o  a  cvns:  i-.-rablr  :u 
the  continent,  and  a  large  amount  of  milk  blended  :  ;:vr  is  tr.duoed 
in  London  a:  the  present  time  il90-».  The  addition  cf  >>i,i.  r^r:-: u-=.  ini 
other  substances  to  the  mixture  of  butter  and  milk  or  water  is  s*ii  to  a.  Lz_i- 
of  a  much  Larger  incorporation  of  water  than  without  r.h-ese  sue  stance*. 

Benno  Martiny  records  the  analyses  of  many  s*.-cal>i  teas&r-t-mair 
butters  in  Germany,  containing  quantities      water  varying  from  '21 'or  :• 
49^0-  per  cent.,  and  one  butter  from  Hamburg,  in  I^'l,  obtaining  u:  Ifss 
than  60  to  6-5  per  cent. 

The  milk  blended  better  sold  in  England  tua/  :e  r^iguisei  *  j  its  ralf 
creamy,  greasy  appearance,  by  its  micr.rjo.pi.-al  v:har.w:ers.  its  high  t^v: 
and  mgh  pr; portion  or  curd  to  5it. 

As  a  rule,  betters  containing  rraeduleutly  ailed  Titer  ha-f  a  Lrj 
granular  appearance,  and  i:-  uoc  show  any  visible  ex:es>  . :  moisture  as  i. 
butters  which  have  been  cudly  manunacturfii. 

Xfcr  m&  fjf. — These  coexist  0  c'  rr:-teid&.  tuilk-*ugir  and  

substances  derived  from  the  orig— .1!  mil*.  The  amount  .  :  tb=se  .--.nstit- 
mcs  Left  in  the  ccrser  will  vary  accord —g  to  the  nature  ;:  :i~  :  utter. 
Scorch  gives  the  fallowing  ilgurss  for  ratters  frrci  fresh  .-^ic  — rr:-t-=:ds 
-t4  Kf  cent..  milk-sngar  00  per  cent.,  ash  "1±  rer  :rfu:  .  rr:c_  r.jeuvi 
cream.  procebis  f-4  per  cent.,  milk-^ngar  3.-  per  cent.,  ash  1?  per  :-fz:. 

Tbe  ana;  cut  :c  pr:ceio$  and  mUk-^igar  left  hi  tetters  s  ;c  great  un- 
pomace,  as  the  larger  the  quantity  left  nt*  the  nj:re  :e:oi>  will  th-=  :  itter 


§§  201,  202.]  ANALYSIS  AND  ADULTERATION  OF  BUTTER.  277 


go  rancid ;  thin  butters,  like  milk  blended  butter,  with  an  excessive  amount 
of  proteids  and  milk-sugar,  have  to  be  preserved  by  the  addition  of  boron 
or  other  preservative. 

§  201.  The  Ash.— Fresh  and  Salt  Butter— 

The  ash  should  consist  of  common  stilt  and  a  small  amount  of  salts 
derived  from  the  original  milk. 

Butters  containing  less  than  2  per  cent,  of  common  salt  are  usually 
classed  as  fresh  or  mild  cured ;  those  with  more  than  2  per  cent,  of  salt, 
as  salt  butters.  The  quantity  of  salt  usually  found  in  salt  butters  is  4  per 
cent. ;  it  may,  however,  be  as  much  as  9  per  cent,  in  brine  pickled  butters. 
The  ash  will  also  contain  borax,  sodium  silicate,  or  other  added  minerals. 

§  202.  Preservatives. — The  most  common  preservative  added  to  butter  is 
borax,  either  alone  or  mixed  with  boric  acid.  Dyer  has  found  as  much 
as  1*35  per  cent,  calculated  as  boric  acid,  but  the  usual  quantity  is  much 
smaller,  i.e.,  about  1  per  cent.  Boron  preservatives  are  also  nearly  always 
added  to  margarine,  which  usually  contain  more  than  butter ;  *5  per  cent, 
(calculated  as  boric  acid)  or  more  being  quite  common. 

The  Departmental  Committee  on  Food  Preservatives,  etc.,  1901,  recom- 
mended "  (D)  that  the  only  preservative  permitted  to  be  used  in  butter  and 
margarine  be  boric  acid  or  mixtures  of  boric  acid  and  borax,  to  be  used  in 
proportions  not  exceeding  *5  per  cent,  expressed  as  l>oric  wcid."  All  the 
preservatives  mentioned  under  milk  might  be  looked  for  in  butter,  but  the 
only  ones  likely  to  be  found  besides  borax  and  boric  acid  are  sulphites  and 
nitrates.  Rideal  has  found  formalin,  but  it  is  now  rarely,  if  ever,  used. 
(The  paper  wrapped  round  Canadian  butter  shipped  to  England  is  some- 
times dipped  in  a  solution  of  salt  and  formalin.)  J.  F.  Geislcr  found 
paraffin  in  margarine,  and  C.  A.  Crampton  10  per  cent,  of  glucose  in  a 
highly  coloured  French  butter  intended  for  exportation  to  a  hot  climate 
(Jour.  Amer.  CJiem.  Soc,  1898,  207). 

Otto  and  C.  W.  Hehner  have  very  recently  found  a  number  of  Brittany 
butters  containing  sodium  fluoride  in  quantities  varying  from  about  1  to  4 
grains  per  pound. 

The  detection  of  preservatives  in  b titter  and  margarine  may  be  carried 
out  by  means  of  the  methods  described  under  milk  (p.  234-240).  The  most 
convenient  method  of  testing  butter  and  margarine  for  borax  and  boric 
acid  is  to  melt  a  small  quantity  of  the  sample  in  a  dish,  add  a  few  c.c.  of 
water  made  acid  with  HC1,  mix  while  warm,  and  when  the  water  has 
separated  pass  it  through  a  wet  filter  and  apply  to  the  filtrate  the  usual 
test  with  turmeric  paper. 

Otto  and  C.  W.  Hehner,  having  observed  that  boric  preservatives  in 
the  presence  of  fluorides  render  the  usual  test  unreliable,  suggest  the 
following  process  : — The  aqueous  liquor  is  separated  from  50  grms.  of 
the  butter,  calcium  chloride  is  added,  the  liquid  boiled,  and  a  small  excess 
of  sodium  carbonate  added  to  precipitate  the  calcium  compounds.  The 
precipitate  is  filtered,  burnt  to  an  ash,  and  treated  with  hot  dilute  acetic 
acid ;  the  residue  is  collected  on  a  filter,  ignited,  and  treated  with  strong 
H2S04  in  a  platinum  crucible.  The  crucible  is  covered  with  a  waxed  slip 
of  glass,  upon  which  a  mark  has  been  scratched.  The  crucible  and  its 
contents  are  gently  heated  upon  a  sand-bath  for  two  hours.  Distinct 
etching  of  the  glass  results  in  the  presence  of  a  fluoride. 

The  estimation  of  preservatives  in  butter  may  be  carried  out  on  the 
general  lines  already  laid  down  in  the  article  on  milk,  the  only  difficulty 
being  to  get  rid  of  the  large  amount  of  fat.    This  can  usually 
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plished  by  shaking  the  melted  fat  with  several  quantities  of  hot  water,  or 
by  obtaining  the  ash  of  25  to  50  grms.  of  the  sample,  as  in  making  a 
proximate  analysis. 

For  the  rapid  estimation  of  boric  acid  in  Initter,  Richmond  and  Harrison's 
method  1  may  be  used  : — Weigh  out  25  grms.  of  butter  in  a  beaker,  add 
25  c.c.  of  a  solution  containing  6  grms.  of  milk-sugar  and  4  c.c.  N.  sulphuric 
acid  to  100  c.c. ;  place  in  the  water-oven  till  the  fat  is  just  melted  and 
stir  well ;  allow  the  aqueous  portion  to  settle  for  a  few  minutes  and  draw 
off  20  c.c ;  add  a  few  drops  of  phenolphthalein,  bring  to  the  boil,  and  titrate 
N 

with  —  soda  till  a  faint  pink  colour  just  appears;  add  12  c.c.  glycerol,  and 
A 

titrate  till  a  pink  colour  appears.  The  difference  between  the  two  titrations, 
less  the  amount  of  alkali  required  by  12  c.c.  of  glycerol,  multiplied  by 
0*0368,  will  give  the  amount  of  boric  acid  in  20  c.c,  and  this  multiplied  by 
100  +  percentage  of  water  ^  giye  the  percentage 

§  203.  Colounng  Matter  of  Butter  and  Margarine. — The  colouring 
matter  of  natural  butter  is  the  *  lactochrome,,  already  described  (p.  202). 

Many  artificial  colouring  matters  are  also  added,  the  original  object 
being,  as  it  was  with  milk,  to  maintain  an  uniform  colour  during  both 
winter  and  summer.  It  is  now  asserted  that  the  public  demand  a  highly 
coloured  article.    Margarine  is,  of  course,  coloured  in  imitation  of  butter. 

The  following  colouring  matters  are  said  to  have  been  added  to 
butters : — Annatto,  turmeric,  saffron,  safflowTer,  marigold  leaves,  yellow  wood, 
and  carotin.  Also  the  coal-tar  colours — aniline  yellow  (amido-azo-benzene), 
butter  yellow  (dimethyl-amido-azo-benzene),  methyl-orange  (dimethyl- 
amido-azo-benzene-sulphonic  acid),  Victoria  yellow  (sodium  dinitro-ortho- 
and  para-cresols),  and  Martius  yellow  (sodium  dinitro-naphthol). 

The  only  artificial  colouring  matters  likely  to  be  met  with  in  butter  at 
the  present  time  are  annatto  and  butter  yellow  (dissolved  in  cotton  seed 
oil),  or  mixtures  of  these  substances,  turmeric,  carotin,  and  possibly  saffron. 
The  most  common  colouring  matter  found  in  margarine  is  butter  yellow. 

The  Detection  of  Colouring  Matters  in  Butter  ami  Margarine. — The 
colouring  matters  may,  as  a  rule,  be  extracted  from  the  filtered  fat  by 
.shaking  with  dilute  potash  solution  ;  the  potash  solution  may  then  be 
directly  tested  for  annatto  and  turmeric  (see  Milk,  p.  241).  It  will  some- 
times be  found  of  advantage  to  dissolve  the  fat  in  ether  and  to  shake 
the  ethereal  solution  with  the  alkali. 

Butter  yellow  is  not  easily  extracted  from  fat  by  alkaline  solutions,  but 
we  have  found  that  it  dissolves  in  strong  hydrochloric  acid  with  a  pink 
colour ;  if  a  fat  containing  butter-yellow  be  warmed  and  shaken  with  an 
equal  volume  of  hydrochloric  acid,  a  strong  pink  colour  will  be  developed, 
but  will  disappear  on  dilution.  Wool  heated  in  the  hydrochloric  acid  will 
be  dyed  a  magenta  colour,  turning  to  light  yellow  on  washing  with  water, 
but  becoming  the  original  colour  when  again  placed  in  strong  hydrochloric 
acid. 

J.  F.  Geisler  mixes  the  filtered  fat  with  a  little  Fuller's  earth  oiv  a 
porcelain  plate,  when  in  the  presence  of  certain  coal-tar  dyes  a  pink  mass 
is  obtained ;  we  have  not  found  this  test  satisfactory. 

§  204.  2.  Examination  and  Analysis  of  the  Fat — By  far  the  most 
important  process  in  butter  analysis  is  the  examination  of  the  fat.  The 


1  The  Analyst,  p.  179,  June  1902. 
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data  by  which  the  analyst  judges  whether  a  butter  consists  of  foreign  fats, 
entirely  or  partly,  are  derived  from— (a.)  Certain  simple  tests;  (b.)  the 
melting-point ;  (c.)  the  angle  of  refraction ;  (d.)  the  specific  gravity ;  (<?.) 
viscometry;  (/.)  acid  value;  (</.)  Koettstorfer's  test;  (//.)  the  relative 
proportion  of  soluble  and  insoluble  fatty  acids;  (*'.)  Reichert-Wollny 
distillation  process.  For  many  of  these  tests  the  first  requisite  is  a  pure 
dry  fat.  This  is  easily  accomplished  by  melting  a  sufficient  quantity  of 
the  butter  over  the  water-bath.  In  a  short  time  the  water,  curd,  and  salt 
sink  to  the  bottom,  and  the  nearly  pure  fat  can  be  poured  off.  Should  it 
not  be  clear,  it  must  be  filtered  through  filtering  paper  or  glass-wool. 
This  operation  will  necessitate  the  filter  being  kept  warm  in  a  suitable 
steam-jacket. 

§  205.  Certain  Simple  Tests. — (For  the  patterns  assumed  by  solidifying 
fats,  see  the  4th  edition  of  this  work,  pp.  346-348;  although  of  scientific 
interest,  they  have  been  found  of  little  practical  value,  and  are  therefore 
omitted.) 

W.  G.  Crook 1  has  experimented  upon  the  solvent  action  of  carbolic 
acid  on  butter  as  compared  with  other  fats.  1  grni.  of  purified  butter-fat 
is  put  in  a  test-tube  and  liquefied,  2\  c.c.  of  carbolic  acid  solution  (10 
acid,  1  water)  are  added,  after  which  the  mixture  is  shaken,  and  then  put 
on  one  side  for  a  little  time.  If  the  sample  is  pure  butter,  it  wholly 
dissolves ;  if  beef-,  mutton-,  or  pork-fat  is  present,  the  mixture  will  resolve 
itself  into  two  solutions  of  different  densities,  with  a  clear  line  of  demarca- 
tion. If  beef-fat,  the  lower  layer  will  occupy  about  49*7  per  cent,  of  the 
total  volume ;  lard,  49*6  ;  and  mutton,  44*0.  W.  Lenz  has  also  tried  this 
process,  and  generally  confirms  the  results  obtained  by  Mr.  Crook.2 

P.  Casamajor  (Ckem.  News,  xliv.,  309,  310)  has  proposed  a  novel  method 
of  distinguishing  margarine  from  genuine  butter.  Pure  butter  at  15°  has 
the  same  specific  gravity  as  alcohol  of  53*7  per  cent.,  specific  gravity  =  926, 
and  margarine  as  alcohol  of  59*2  per  cent.,  specific  gravity  =  '918.  Any 
butter,  therefore,  which  is  adulterated  with  margarine  will  float  in  alcohol 
of  53*7  per  cent.  In  alcohol,  56*8  per  cent,  (mean  of  53*7  and  59*2),  pure 
butter  when  melted  sinks,  margarine  floats.  In  alcohol,  59*2  per  cent., 
butter  sinks,  whether  solid  or  fluid.  The  amount  of  adulteration  is 
calculated  as  follows  : — Determine  the  strength  of  alcohol,  the  same  specific 
gravity  as  the  sample,  let  it  e.g.  =  57  per  cent.,  from  it  take  53*7  per  cent., 
which  is  a  constant,  being  the  butter  expressed,  as  it  were,  in  equivalent 
percentage  of  alcohol,  and  multiply  the  remainder  by  the  reciprocal  of  the 
difference  between  the  strengths  of  alcohol  of  the  same  specific  gravity  as 
margarine  and  butter  =  (57  -53*7)  0*18  =  5*94  per  cent,  of  margarine. 

Valenta's  Test. — By  far  the  most  valuable  simple  test  is  the  behaviour  of 
butter  fat  with  acetic  acid;  this  is  known  under  the  name  of  Valenta's 
test.  The  most  accurate  method  of  carrying  out  this  test  is  that  proposed 
by  Chattaway,  Pearmain,  and  Moor : — 

The  butter-fat,  melted  and  filtered  at  as  low  a  temperature  as  possible,  is 
further  dried  by  filtration  through  a  dried  filter-paper.  2  75  grms.  of  this 
fat  are  weighed  into  a  stoppered  test  tube,  and  3  c.c.  of  99*5  per  cent,  acetic 

1  Analyst,  1879,  1111. 

1  Zeitsehriftfiir  analyt.  ChemU,  1880,  370.  C.  Husson  (Compt.  Rend.,  lxxxv. ,  718)  has 
proposed  an  ancient  test  depending  on  the  different  solvent  properties  of  alcohol  for 
margarine,  etc.  ;  and  F.  Filsinger  has  a  very  similar  method  (Phami.  Central  Halle, 
xix.,  42).  Both  these  tests,  however,  are  of  little  practical  value  among  such  a  number 
of  positive  reactions. 


280 


FOODS  I  THEIR  COMPOSITION  AND  ANALYSIS.     [§  205. 


acid  added.  The  tube  is  placed  in  a  beaker  of  water  which  is  gradually 
warmed,  until,  on  shaking  the  tube,  a  clear  solution  is  obtained;  the 
temperature  is  carefully  noted.  Several  determinations  should  be  made. 
They  obtained  the  following  figures : — 

Maximum.   Minimum.  Average. 

Butter  fat   39*0         29 '0         36  0 

Margarine,    .       .       .      .       97*0         91*0  95*0 

The  acetic  acid  should,  in  all  cases,  be  tried  on  a  sample  or  samples  of 
genuine  butter-fat ;  if  this  is  done,  no  mistake  will  be  made.  Jeao  1  relies 
rather  upon  the  amount  of  acetic  acid  dissolved ;  he  places  about  8  c.c.  of 
fat  in  a  graduated  test-tube,  1  c.c.  in  diameter,  immersed  in  water  of  50° 
C. ;  then  removes  the  excess  of  fat  by  a  pipette  until  the  fat  is  exactly 
3  c.c.  at  50°  C. ;  then  3  c.c.  of  glacial  acetic  acid,  specific  gravity  1  0565,  are 
introduced,  the  acid  being  measured  at  22°  C. ;  the  contents  are  warmed 
for  a  few  minutes,  the  tube  corked  and  well  shaken.  The  tube  is  then 
placed  in  the  water  at  50°  C,  and  the  volume  of  undissolved  acetic  acid  read 
off.  Nine  samples  of  butter  averaged  63*33  per  cent,  of  acetic  acid 
dissolved ;  margarines  vary  from  27  to  32  per  cent.  It  is  obvious  that  the 
turbidity  test,  and  the  amount  of  acetic  acid  dissolved  can  be  done  on 
the  same  sample  at  the  same  time. 

M.  Crismer2  has  proposed  a  turbidity  method  under  the  name  of  "the 
critical  temperature  of  dissolution,"  which  differs  from  the  Valenta  test, 
but  is  probably  equal  to  it  in  value.  About  half  a  c.c.  of  the  filtered  fat  is 
introduced  into  a  tube  of  small  diameter ;  to  this  is  added  about  0*75  c.c. 
of  alcohol ;  the  tube  is  hermetically  sealed  and  attached  by  means  of  a 
platinum  wire  to  the  bulb  of  a  thermometer  ;  the  bulb  and  tube  are 
immersed  in  a  small  sulphuric  acid  bath,  and  the  temperature  slowly 
raised  until  the  meniscus  separating  the  two  layers  becomes  a  horizontal 
plane.  At  this  point  the  thermometer  and  tube  are  withdrawn  from  the 
bath,  and  the  two  liquids  mixed  together  by  shaking  the  tube  with  the 
thermometer  ;  they  are  then  again  placed  in  the  bath  and  the  temperature 
allowed  to  fall,  the  thermometer  with  attached  tube  being  shaken  all  the 
time.  The  moment  in  which  there  is  a  marked  turbidity  is  noted,  and  this 
is  considered  the  temperature  of  dissolution.  Fourteen  genuine  butters 
gave  from  98°  to  102°  C. ;  mean  100°  C.  Margarines  varied  from  122°  to 
126°  C. 

As  margarine,  as  a  rule,  contains  certain  vegetable  oils,  valuable  infor- 
mation may  often  be  obtained  by  applying  to  the  filtered  butter-fat  the 
following  tests : — 

(1)  BavdouirCs  Test,  fully  described  in  article  on  olive  oil  (post.). 

The  butter-fat  should  be  shaken  several  times  with  hydrochloric  acid  to 
purify  it,  and  only  *1  c.c.  of  a  1  per  cent,  alcoholic  solution  of  furfural - 
dehyde  used.  Commercial  furfuraldehyde  should  be  distilled  under 
reduced  pressure  before  using.    The  reaction  should  take  place  at  once. 

H.  Weigmann  8  experimented  with  cows  to  which  sesame  cake  was  given 
in  increasing  quantities  up  to  3  kilos  per  day,  but  could  obtain  no  reaction 
for  sesame*  oil  in  the  butter.  C.  Annato  4  made  some  similar  experiments  ; 
he,  however,  got  what  he  considered  a  sesam^  reaction    his  results  have  been 

1  Corps  gras  industricls,  1892,  xix.,  4. 

2  Bull,  de  V Assoc.  Beige  des  Chimistcst  ix.,  1895  ;  also  abstract  in  Analyst,  September, 
1895. 

3  MilchzeU.  1898,  529.  4  Chem.  Cenlr.,  1901,  ii.,  880. 
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contested  by  other  chemists,  and  there  can  be  no  doubt  that  butters  which 
give  a  sesame'  reaction  are  almost  certain  to  contain  margarine. 

(2)  Becchi's  Test  for  cotton  seed  oil.    Article  on  'olive  oil '  (post.).) 
The  results  obtained  by  this  test  must  be  accepted  with  reserve,  as  butter 

made  from  the  milk  of  cows  fed  on  cotton  seed  cake  may  give  a  distinct 
reaction  for  cotton  seed  oil. 

(3)  Wellman's  Test  for  vegetable  oils  (p.  315)  may  also  be  applied. 

§  206.  (b.)  Tfie  Melting- Paint. — Various  methods  have  been  proposed 
for  the  determination  of  the  melting-points  of  fats.  The  one  used  by  most 
analysts  is  to  take  the  melting-point  in  a  fine  tube.  A  piece  of  quill-tubing 
is  drawn  out,  so  as  to  make  a  tube  about  the  diameter  of  a  knitting  needle, 
and  from  2  to  3  inches  in  length.  The  fat  is  now  drawn  up  to  the  extent 
of  about  an  inch,  and  permitted  to  solidify.  The  tube  thus  charged  is 
placed  in  some  cold  water  in  a  small  beaker,  which  is  ' nested '  in  a  second 
beaker,  a  little  water  being  between  the  two,  the  inner  beaker  carrying 
also  a  thermometer.  Heat  is  now  applied,  and  the  moment  the  fat  runs  up 
the  tube  the  temperature  is  noted.  A  modification  of  this  process 1  is  to 
take  a  short  capillary  tube,  blow  a  bulb  011  it,  and  while  the  bulb  is  still 
hot,  plunge  the  open  end  into  the  melted  fat ;  let  it  run  up  a  short  distance, 
and  then  solidify  the  fat  by  the  application  of  cold.  To  take  an  observation, 
the  tubes  are  placed  in  water,  so  that  the  bulb  is  uppermost ;  on  melting, 
the  fat  runs  up  into  the  semi-vacuous  bulb,  and  this  rise  is  somewhat  more 
easily  observed  than  in  the  simpler  process. 

Another  method  is  the  employment  of  a  little  bulb  weighted  with 
mercury,  so  as  to  weigh  from  3  to  4  grms. ;  the  bulb  rests  on  the  surface  of 
the  fat  in  a  test-tube,  which  is  immersed  in  a  beaker  of  water  provided  with 
a  thermometer,  and  the  moment  the  bulb  sinks  is  noted.  A  modification  of 
this  is  the  employment  of  a  light  float  sunk  to  the  bottom  of  the  fat,  and 
retained  there  until  it  is  solid ;  on  now  applying  heat,  the  float  rises  at  a 
certain  temperature,  which  is  taken  as  the  melting-point.  These  processes 
are  not  entirely  satisfactory,  and  different  observers  pbtain  results  which 
do  not  agree  well.  Reinhardt 2  takes  the  melting-point  of  fats  as  follows : — 
The  fat  is  drawn  up  when  melted  into  a  fine 
tube,  b,  immersed  in  a  beaker  of  water,  r. ;  the 
tube,  6,  is  attached  as  shown  in  the  diagram 
(fig.  35)  to  a  simple  form  of  pressure  apparatus, 
consisting  of  a  stoppered  cylinder,  g,  the 
caoutchouc  stopper  of  which  carries  a  graduated 
thistle-head  funnel,  /,  and  is  connected  with  the 
tube  carrying  the  fat  by  the  short  right-angled 
tube,  a;  it  is,  therefore,  possible  to  put  a  water 
pressure  on  the  fat  by  filling  up  the  graduated 
stem  of  the  funnel  to  any  desired  height.  To 
make  comparative  observations,  the  tube,  b, 
must  be  each  time  filled  to  the  same  height, 
and  immersed  the  same  depth  in  the  water ;  the 
pressure  must  also  be  the  same.  Heat  should  be  applied  very  gradually, 
and  the  thermometer,  t,  graduated  so  as  to  allow  of  fifths  being  read.  The 
end  of  the  observation  is  when  the  first  bubble  of  fat  is  forced  out  and  rises 
to  the  surface  of  the  water. 

Due  Method  of  taking  Melting-Points. — A  method  of  taking  melting- 

1  0.  Kellner,  Zeitschrifl  filr  anal.  Chemie,  xx.,  1. 

2  Repert.  anal.  Chem.t  1886. 
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points,  adopted  by  the  American  Association  of  Official  Agricultural  Chemists 
at  their  meeting  in  Chicago,  1893,  is  thus  described  : 1 — 

The  apparatus  for  determining  the  melting-point  consists  of  (1)  aa 
accurate  thermometer  for  reading  easily  tenths  of  a  degree ;  (2)  a  catheto- 
meter  for  reading  the  thermometer  (this  may  be  done  with  an  eye-glass  if 
held  steadily  and  properly  adjusted ;  (3)  a  thermometer;  (4)  a  tall  beaker- 
glass  35  cm.  high  and  10  cm  in  diameter;  (5)  a  test  tube  30  cm.  long  and 
3  5  cm.  in  diameter;  (6)  a  stand  for  supporting  the  apparatus;  (7)  some 
method  of  stirring  the  water  in  the  beaker ;  for  example,  a  blowing  bulb 
of  rubber,  and  a  bent  glass  tube  extending  to  near  the  bottom  of  the 
beaker ;  (8)  a  mixture  of  alcohol  and  water  of  the  same  specific  gravity  as 
the  fat  to  be  examined. 

The  discs  of  the  fat  are  prepared  as  follows : — The  melted  and  filtered 
fat  is  allowed  to  fall  from  a  dropping  tube  from  a  height  of  15  to  20  cm. 
on  a  smooth  piece  of  ice  floating  in  water.  The  discs  thus  formed  are  from 
1  to  1*5  cm.  in  diameter  and  weigh  about  200  mgrms.  By  pressing  the  ice 
under  the  water  the  discs  are  made  to  float  on  the  surface,  whence  they 
are  easily  removed  with  a  steel  spatula,  which  should  be  cooled  in  the  ice 
water  before  using. 

The  mixture  of  alcohol  and  water  is  prepared  by  boiling,  in  two  separate 
vessels,  distilled  water  and  95  per  cent,  alcohol  for  ten  minutes  to  remove 
the  gases  which  they  may  hold  in  solution.  While  still  hot  the  water  is 
poured  into  the  test-tube  already  described  until  it  is  nearly  half  full. 
The  test-tube  is  then  nearly  filled  with  the  hot  alcohol.  It  should  be 
poured  in  gently  down  the  side  of  the  inclined  tube  to  avoid  too  much 
mixing.  If  the  tube  is  not  filled  until  the  water  has  cooled,  the  mixture  will 
contain  so  many  air  bubbles  as  to  be  unfit  for  use.  These  bubbles  will 
gather  on  the  disc  of  fat  as  the  temperature  rises  and  fiually  force  it  to  the 
top. 

The  test-tube  containing  the  alcohol  and  water  is  placed  in  a  tall  beaker 
containing  water  anjl  ice  until  cold.  The  disc  of  fat  is  then  dropped  into 
the  tube  from  the  spatula,  and  at  once  sinks  until  it  reaches  a  part  of  the 
tube  where  the  density  of  the  alcohol-water  is  exactly  equivalent  to  its 
own.  Here  it  remains  at  rest  and  free  from  the  action  of  any  force  save 
that  inherent  in  its  own  molecules. 

The  delicate  thermometer  is  placed  in  the  test-tube,  and  lowered  until 
the  bulb  is  just  above  the  disc.  In  order  to  secure  an  even  temperature 
in  all  parts  of  the  alcohol  mixture  in  the  vicinity  of  the  disc,  the  thermo- 
meter is  moved  from  time  to  time  in  a  circularly  pendulous  manner. 

The  disc  having  been  placed  in  position,  the  water  in  the  beaker-glass  is 
slowly  heated,  and  kept  constantly  stirred  by  means  of  the  blowing  apparatus 
already  described. 

When  the  temperature  of  the  alcohol-water  mixture  rises  to  about  6°  C. 
below  the  melting-point,  the  disc  of  fat  begins  to  shrivel,  and  gradually 
rolls  up  into  an  irregular  mass. 

The  thermometer  is  now  lowered  until  the  fat  particle  is  even  with  the 
centre  of  the  bulb.  The  bulb  of  the  thermometer  should  be  small,  so  as  to 
indicate  only  the  temperature  of  the  mixture  near  the  fat.  A  gentle 
rotatory  movement  should  be  given  to  the  thermometer  bulb.  The  rise 
of  temperature  should  be  so  regulated  that  the  last  two  degrees  of  increment 
require  about  ten  minutes.  The  mass  of  fat  gradually  approaches  the 
form  of  a  sphere,  and  when  it  is  sensibly  so,  the  reading  of  the  thermo- 

Chcm.  Netcs,  June  22,  1894. 
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meter  is  to  be  made.  As  soon  as  the  temperature  is  taken,  the  test-tube 
is  removed  from  the  bath  and  placed  again  in  the  cooler.  A  second  tube, 
containing  alcohol  and  water,  is  at  once  placed  in  the  bath.  The  test-tube 
(ice  water  having  been  used  as  the  cooler)  is  of  low  enough  temperature  to 
cool  the  bath  sufficiently.  After  the  first  determination,  which  should  be 
only  a  trial,  the  temperature  of  the  bath  should  bo  so  regulated  as  to 
reach  a  maximum  of  about  1°'5  C.  above  the  melting-point  of  the  fat  under 
examination. 

*  The  distilled  water  for  floating  the  piece  of  ice  on  which  the  discs  are 
made  should  be  recently  boiled,  to  free  it  of  all  air  particles. 

The  edge  of  the  discs  should  not  be  allowed  to  touch  the  sides  of  the 
tube.  This  accident  rarely  happens,  but  in  case  it  should  take  place,  and 
the  disc  adhere  to  the  sides  of  the  tube,  a  new  trial  should  be  made. 

Triplicate  determinations  should  be  made,  and  the  second  and  third 
results  should  show  a  near  agreement. 

Example. — Melting-point  of  sample  of  butter : — 

First  trial  33°'15  C. 

Second  trial,  33o,05  C. 

Third  trial,  33°*00  C. 

The  following  melting-points  are  taken  by  the  old  methods,  and  are 
somewhat  high,  but  are  given  as  the  values  usually  accepted : — 

Margarine   31° '3  C. 

Cocoa  butter,   34° '9  C. 

Butter  (average),   35° '8  C. 

Beef-dripping,   43°  *3  C. 

Veal-dripping,   47°  7  C. 

Mixed,   42° '6  C. 

Lard,  from   42°  to  46°  C. 

Ox-fat,  from  about   48°  to  53°  -0  C. 

Mutton-fat,  from   50°  to  61° '6  C. 

Tallow   53°  *3  C. 

It  hence  follows  that  a  low  melting-point  indicates  the  probable  presence 
of  margarine,  especially  that  which  is  partly  manufactured  from  a  concrete 
oil,  obtained  from  the  seeds  of  Garcinia  Indica,  and  is  known  under  the 
name  of  Mangosteen  oil,  or  kokum  butter.  A  higher  melting-point 
indicates,  as  a  probable  adulterant,  dripping,  lard,  or  other  animal  fat. 

The  Titer  Te*t. — A  melting-point  method,  which  gives  useful  results,  is 
the  '  freezing '  point  of  the  fatty  acids ;  unfortunately  it  requires  consider- 
able material.  At  least  50  grms.  of  the  butter-fat  are  saponified,  the  fatty 
acids  separated  and  allowed  to  solidify ;  the  acids  are  melted  and  poured 
into  a  test-tube  16  cm.  long  and  3*5  cm.  wide,  filling  the  tube  half  fulj.  The 
tube  is  put  into  the  neck  of  a  suitable  flask,  and  a  Beckman's 1  thermometer 
inserted;  when  the  mass  begins  to  cloud,  the  thermometer  is  given  a 
rotatory  movement,  and  the  mercury  watched.  At  first  it  falls  regularly, 
then  stops,  and  gradually  rises  one  or  more  tenths  of  a  degree,  to  again 
stop,  and  then  fall  as  before.  The  last  stationary  point  is  called  the  4  titer ' 
or  solidifying  point. 

It  is  advisable  in  all  the  above  processes  to  allow  the  melted  butter  or 
fatty  acids,  as  the  case  may  be,  to  *  set '  a  definite  time  previous  to  the 

1  Since  Beckman's  thermometer  only  contains  five  degrees  divided  into  tenths,  it 
requires  adjusting  to  within  two  degrees  of  the  probable  melting-point,  and  should  not  be 
inserted  until  the  fat  is  about  that  temperature. 
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determination.  The  same  fat  melted  and  cooled  will  give  two  or  more 
melting-points,  if  such  melting-points  are  determined  at  different  intervals 
of  time,  it  is  best  then,  in  all  cases,  to  prepare  the  fats  one  day  and 
determine  the  melting-points  on  the  following  day. 

§  207  (c)  Application  of  the  Refractometer  to  the  Testing  of  Butter-fat. — J. 
Skalweit1  has  made  some  determinations  of  the  angle  of  refraction  of 
various  fats,  and  believes  there  is  a  sufficient  difference  between  the  angle 
of  margarine  and  pure  butter  to  enable  substitutions  and  adulterations  to 
be  detected ;  he  uses  an  Abbe's  refractometer.  The  fat,  kept  for  some 
time  at  20°  C,  is  spread  out  on  a  watch-glass,  and  covered  by  a  piece  of 
Swedish  filter-paper ;  the  fat  is  absorbed  by  the  paper,  and  a  clear  grease 
spot  forms  in  the  centre.  The  grease  spot  is  applied  to  the  edge  of  the 
Nicol  prism  to  which  it  readily  adheres ;  the  apparatus  is  closed,  and  the 
angle  estimated  at  20°  C.    The  following  results  are  given  : — 

Water,  .... 
Olein,   from  commercial 

oleic  acid,  . 
Oleic  acid,  at  17°,  . 

Do.    at  20°,  . 
Genuine  butter, 

Do.  ... 
Cocoa  butter,  . 
Lard,  .... 
Margarine,  1st  quality,  . 
Do.,     2nd  ,, 
Do.,     3rd  „ 
Do,,  Oil, 
Do., 


Do!,'         !  ! 

Do  

Refined  cotton -seed  oil,  . 
Crude  ,,  ,, 

Cod-liver  oil,  . 
Linseed  oil, 

The  authors  have  made  a  number  of  determinations  of  angles  of 
refraction  by  Abbe's  instrument.  The  apparatus  was  enclosed  in  a  copper 
air-bath,  open  at  the  top,  but  provided  elsewhere  with  double  walls,  between 
which  were  placed  glycerin  and  water ;  the  boxing  was  completed  by  a 
cover  of  caoutchouc,  in  which  a  slit  was  cut  to  allow  of  the  eyepiece 
protruding  through ;  a  small  window  in  the  copper  box  admitted  light  to 
the  mirror.  By  carefully  heating  this  copper  bath,  the  whole  instrument 
could  be  maintained  at  any  desired  temperature. 

It  is  neither  advisable  nor  necessary  to  place  the  drops  of  fat  on  filter- 
paper,  it  is  best  to  examine  a  thin  film  between  the  prisms  themselves,  the 
edge  of  the  shadow  is  then  sharply  defined.  By  means  of  the  long  arm, 
called  by  the  inventor  the  'alhidade,'  the  shadow  is  adjusted  so  that  its 
border  is  exactly  coincident  with  the  cross  lines,  and  the  field  is  made 
colourless  by  working  a  milled  head  which  regulates  and  measures  the 
dispersion.  These  operations  the  authors  perform  in  the  copper  air-bath 
itself,  and  if  after  1 5  minutes'  interval  at  any  desired  temperature  there  is 
no  further  change  in  the  refraction,  the  instrument  is  removed  and  the 

1  Abbe's  refractometer  is  fully  described  in  "Neue  Apparate  zur  Bestimmung  des 
Brechungs-  u.  Zerstreuungs-vermbgens  fester  u.  fliissiger  Kdrper."  Von  Dr.  E.  Abbe. 
Jena,  1874.    A  more  modern  and  better  instrument  is  that  of  Zeiss,  described  at  page  286. 


1*333 

1  '4635 
1  -4638 
1  '4639 
T4652 
1  '4658 
T4680 
1-4690 
1-4692 
1-4720 
1  -4796 
1  '4680 
1-4712\ 
1  '4693 
1-4698 
1-4698, 

1-4733   English  make. 
1-4748 
1  -4732 
1-4801 
1  -4835 


Hanoverian  manufacture. 
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index  read.  To  ensure  accuracy  a  second  observation  is  desirable,  and  the 
mean  of  the  two  taken. 

The  best  temperature  for  observation  the  authors  conclude  to  bo  the 
same  one  at  which  the  specific  gravity  is  taken,  viz.,  38°  C.  At  that 
temperature  the  most  uniform  results  were  obtained,  and  this  temperature 
*>  gives  the  necessary  data  for  the  calculation  of  what  Dr.  Gladstone  has 
termed  the  specific  refractive  energy,  i.e.,  the  angle  of  refraction,  minus 
unity,  divided  by  the  density. 

In  the  following  tables  the  angle  of  refraction,  the  specific  refractive 
energy,  and  various  other  data  are  given  as  determined  from  genuine  and 
adulterated  butter-fats. 


TABLE  XXI.  —  The  Angle  of  Refraction,  Specific  Refraction,  Melting- 
Point,  Specific  Gravity,  and  the  Results  of  the  Reich  bet  and 
Kobttstorfer  Tests  as  Represented  in  33  Genuine  Butters. 


Angle  of 
Refraction 
at  88* . 

Specific 
Refraction 
(».<.,  Angle  of 
Refraction.-l 
dlTldedby 
deniity). 

Specific 
Gravity,  at 

So  . 

Melting* 
Point. 

c.c.'sofd.n. 
Alkali  used  in 
Reichert's 
TesM 

ivoettstoner  1 
Test. 
Manns,  of 
KHO  used. 

1  404O 

4VOOO 

•Q1 1  Kft 

e 

41  *fl 
Ok  O 

1»  4 

HO  M 

1  »AKAK 
1  400D 

OUUd/ 

vl«oo 

41  *9 

1 1*Q 
14  V 

1  40/U 

•RA1  A  K 

DU 140 

•01 1  4ft 

Oil  0 

1  4*0 
10  V 

994*1 

1  »AKKU 

dl'Jv4 

•  Ol  OAR 

VI 440 

40  *n 

1  **4 

991*1 
ZL\  1 

1  40/0 

0U14/ 

•01 1  41 
VI 104 

41  *A 

01  0 

14  O 

991  *1 

1-4575 

•50155 

•91217 

31*4 

13  6 

221*2 

1*4582 

•50088 

•91079 

31*6 

14*1 

220*6 

1  »AKKQ 
I  4008 

4VVOV 

•01 91 7 

1 1  *n 

14  V 

994*7 

1  40/ 0 

•KA1  7  A 
OUl/4 

•QIOftK 
VlUoD 

00  0 

1  4*0 
LOU 

991  *9 

1*4565 

•50018 

•91266 

35  0 

15'3 

224-4 

1  '4565 

'50004 

'91293 

33*0 

14'5 

222-9 

1*4560 

•49944 

•91310 

32*0 

15*0 

234  0 

1*4570 

•50051 

•91290 

32'8 

15*2 

231-4 

1*4575 

•50068 

•91378 

33'0 

157 

234*4 

1-4570 

•50097 

•91225 

33'5 

13-8 

233  3 

1-4555 

•51071 

•91266 

33'5 

15'5 

229*6 

1-4565 

•49962 

•91369 

34'5 

15  6 

234*9 

1-4555 

•49918 

•91251 

30'5 

J  5*0 

227*5 

1-4555 

•49887 

•91307 

35' 0 

16'0 

233  3 

1-4555 

•49900 

•91281 

35  0 

14*9 

227*2 

1*4565 

•49937 

•91206 

33'5 

15*4 

229*6 

1*4555 

•49890 

•91303 

35-0 

16-0 

2315 

1*4555 

•49987 

•91124 

35-0 

14*4 

223  1 

1*4555 

•49910 

'91264 

31'0 

15-8 

232*9 

1-4560 

•49987 

•91222 

34*8 

15*8 

234*2 

1*4568 

•57236 

•91235 

32  5 

15-1 

234-4 

1*4560 

•49570 

•91276 

32-5 

15  5 

235-2 

1-4560 

•50023 

•91166 

33*0 

13*5 

233-8 

1-4562 

•50055 

•91138 

33*4 

13*3 

2267 

1-4565 

•50012 

•91277 

32  0 

15-0 

231  9 

1-4560 

•51140 

•91286 

31*5 

15*4 

232  1 

1*4570 

•51270 

•91214 

33-3 

15-0 

230*9 

1*4555 

•51061 

•91285 

33*2 

233*7 

Max.  1-4575 

•51270 

•91378 

35*0 

16*0 

232*9 

Min.  1-4543 

'49887 

-91079 

30-5 

133 

220*6 

Mean  1*4562 

•50212 

•91234 

32*8 

148 

232  0 

1  To  convert  these  numbers  into  approximate  Reichert-Wollny  values  they  must  be 
multiplied  by  2. 
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Examples  of  Low-cl\ss  and  Adulterated  Butters. 


Angle  of 
Effraction 
at  88°  C. 


Specific 
Refraction. 


8peciflc 
G rarity,  at 
38*  C. 


;  c.c.'s  of  d.  n.  Koettstorfer's 
Melting-     |  Alkali  used  in  Test. 


uctwug-         .   Aianu  uscu  ill  JL col . 

Point.  Reichert's         Mgrms.  of 

I        Test.  KHO  used. 


!1'4677 
al*4585 
»1  -4680 
•1*4624 
•1-4595 
•1-4582 


•50255 
•50422 
•50293 
•51060 
•50550 
•50343 


•91073 
•90932 
•91066 
•90578 
•90902 
•91016 


29*8  C. 
29-0  „ 
30  0  „ 
26-0,, 

26-  5  „ 

27-  0  „ 


12'0 
7'4 
11*4 

2  6 
77 
9  7 


2307 
213*9 
226-8 
199-4 
212 '8 
218-4 


The  angle  of  refraction  in  milk-fat,  as  extracted  by  ether,  and  genuine 
butters,  varies  from  a  maximum  of  1*4575  to  a  minimum  of  1*4543  at  38°  C. ; 
the  mean  is  1*4562,  and  the  average  specific  refractive  energy  is  -502. 
The  refractive  angle  of  margarine  is  always  above  1*4620,  generally  1*4639 
or  1*4640,  at  38°.  A  mixture  of  50  per  cent,  by  weight  of  margarine 
(specific  gravity  -90578,  melting-point  25°  5  C,  refractive  angle  1*4624)  and 
50  per  cent,  of  butter  (specific  gravity  -91073,  melting-point  29°*8  C, 
refractive  angle  1*4577)  gave  an  angle  of,  at  38°  C,  1*4595,  to  which  a 
genuine  milk-fat  may  attain ;  the  same  materials,  mixed  in  the  proportion 
of  25  per  cent,  of  margarine  and  75  per  cent,  of  butter,  gave  1*4582  as  the 
angle  at  38°  C. 

Hence  it  is  certain  that  to  the  analyst  the  refractometer  has  some 
utility,  although  it  will  not  assist  much  in  the  case  of  moderate  mixtures ; 
but  what  may  be  said  is  that  a  butter  at  38°  C,  having  an  angle  at  or  below 
1  *4570,  is  almost  certain  to  be  genuine,  but  above  that  angle  is  probably 
adulterated. 

§  207a.  Zeiss9  Butyro-refractometer. — This  is  an  instrument  which  is  now 
largely  used  for  the  rapid  examination  of  butter,  margarine,  lard,  and  other 
fats.  It  is  constructed  upon  the  same  principle  as  Abbe's  refractometer ; 
the  prisms  are,  however,  provided  with  a  jacket  through  which  water  is 
passed,  the  temperature  being  indicated  by  a  thermometer.  (See  fig.  35a.) 
To  make  a  reading  the  prisms  are  opened,  a  drop  of  the  filtered  fat  is 
placed  on  the  surface  of  the  lower  prism.  The  prisms  are  closed,  and  a 
reading  taken  either  by  ordinary  light  or  better  by  the  sodium  light.  The 
temperature  is  read  off,  and  the  reading  corrected  to  any  desired  tempera- 
ture, by  adding  or  subtracting  *55  scale  degrees  for  every  1°  C.  Thus,  if 
the  scale  reading  at  35°  C.  be  47°,  and  it  is  required  to  know  the  scale 
reading  at  40°  C,  *55  x  5  must  be  subtracted  from  the  reading  at  35°  C, 
or  if  the  reading  at  45°  C.  be  41,  the  reading  at  40°  C  will  be  41  +  *55  x  5, 
or  43*75  scale  divisions. 

Genuine  butters  give,  as  a  rule,  readings  under  44°  at  40°  C,  with  an 
average  reading  of  about  43° ;  should  higher  values  than  these  be  obtained 
foreign  fat  may  be  present ;  should  a  low  value  be  found  cocoa-nut  oil  may 
be  present.  Margarine  has  at  40°  C.  a  value  of  about  49°,  and  cocoa-nut 
oil  about  38°. 

1  A  low-class  butter. 

3  An  adulterated  butter,  for  which  vendor  was  prosecuted  and  fined. 
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The  following  table  by  A.  L.  Winton  and  A.  W.  Ogden  gives  the 
relationship  between  the  Zeiss  reading  and  the  refractive  index: — 

Refractive  Indices  Corresponding  to  Readings  of  the 
Zeiss  Butyro-Refractometer. 


Refractive 
Index. 

- 

Refractive 
Index. 

IfccACllIlg. 

Refractive 
Index. 

40*0 

1  '4524 

53  *5 

1*4616 

67*0 

1*4704 

40*5 

1  '4527 

54*0 

1*4619 

67*5 

1-4707 

41*0 

1*4531 

54*5 

1  '4623 

68*0 

1-4710 

41*5 

1*4534 

55*0 

1  '4626 

68*5 

1*4713 

42*0 

1  '4538 

55*5 

1  '4629 

69*0 

1-4717 

42*5 

1*4541 

56*0 

1  '4633 

69*5 

T4720 

430 

1*4545 

56*5 

1  '4636 

70*0 

1  4723 

48*5 

1*4548 

57  *0 

1  '4639 

70 '5 

1  '4726 

440 

1*4552 

57 '5 

1*4642 

71-0 

1  '4729 

44*5 

1  '4555 

58*0 

1'4646 

71*5 

1  '4732 

45  0 

1*4558 

58*5 

1*4649 

72  0 

1-4735 

45*5 

1  '4562 

59  *0 

1  '4652 

725 

1*4738 

46  0 

1*4565 

59*5 

1*4656 

73*0 

1*4741 

46-5 

1*4569 

60  0 

1*4659 

73-5 

1*4744 

470 

1*4572 

60*5 

1*4662 

74-0 

1-4747 

47*5 

1*4576 

61*0 

1-4665 

74  5 

1*4750 

48-0 

1*4.179 

61-5 

1*4669 

75*0 

1*4753 

48-5 

1-4583 

62  0 

1  -4672 

75*5 

1*4756 

490 

1*4586 

62*5 

I  -4675 

76*0 

1*4759 

49-5 

1*4590 

63  0 

14678 

76  5 

1*4762 

50  0 

1*4593 

63*5 

1  *4681 

77*0 

1*4765 

50-5 

1-4596 

64-0 

1  '4685 

77-5 

1*4768 

51*0 

1*4600 

64-5 

1*4688 

78*0 

1*4771 

515 

1*4603 

65*0 

1-4691 

78*5 

1*4774 

52  0 

1  *4606 

65*5 

1*4694 

79*0 

1*4777 

52*5 

1*4609 

660 

1-4697 

79*5 

1-4780 

53  0 

1-4613 

66*5 

1  4700 

§  207k  The  Oleo-Refractometer  of  MM.  Amagat  ami  Jean.1— This  is  a 
more  convenient  and  better  instrument  for  observations  on  fats  than 
ordinary  refractometers,  the  differences  between  butters  and  margarines 
being  greater.  The  centre  of  this  instrument  (fig.  36)  consists  of  a  circular 
reservoir  made  of  metal,  B  B,  closed  by  two  plates  of  glass  in  front  of  two 
lenses,  £  and  E',  the  one  lens  belonging  to  the  collimator  tube,  S,  and  the 
other  to  the  telescope  tube,  S'.  In  the  middle  of  this  reservoir  is  placed  a 
receptacle  in  the  shape  of  a  prism,  its  glass  sides  having  an  angle  of  107°. 
In  front  of  the  field  glass  of  the  telescope  is  a  photographic  scale,  H 
(shown  enlarged  at  K),  and  there  is  an  adjustable  shutter  placed  vertically, 
so  arranged  as  to  divide  the  luminous  field  into  two  parts,  the  one  bright, 
the  other  in  shadow.  The  readings  of  the  apparatus  are  made  from  the 
edge  of  the  shadow.  If  in  both  reservoirs  is  placed  the  same  liquid  at  the 
same  temperature,  then  the  shadow  occupies  the  zero  of  the  scale ;  but  if  a 
different  liquid  be  placed  in  the  inner  prism,  there  will  be,  according  to  its 
nature,  a  deviation  either  to  the  right  or  left,  the  amount  of  the  deviation 
being  appreciated  by  the  numbers  on  the  scale.  The  makers  supply  a 
typical  oil  having  no  refraction,  by  means  of  which  the  instrument  is  set ; 

1  Ladan  Bockairy  in  Gh.  Giranl  and  A.  Dupre's  Analyse  des  Matures  Alimentaires, 
Paris,  1894  ;  also  Muter  in  Analyst,  May  1890. 
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this  oil  is  put  in  both  receptacles,  the  temperature  adjusted  to  22 :  and 
the  shutter  moved  so  as  to  mark  zero.    The  oil  is  now  run  out  of  the 


FlO.  35a. 


prism,  and  replaced  by  the  oil  to  be  tested.  Solid  fats,  such  as  butter  or 
lard,  are  tested  at  a  temperature  of  45*  C.    In  all  cases  the  oil  or  butter 


Fia.  36. — Amagat  and  Jean's  01eo*RcfrttCtometer, 

is  to  be  freed  from  free  fatty  acids.  The  butter  is  melted,  filtered,  and 
shaken  up  with  a  little  powdered  gypsum,  the  gypsum  is  allowed  to  settle, 
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and  the  fat  is  then  filtered  again,  and  poured  into  the  prism.  The  fat 
should  never  be  heated  above  50°  C.  The  rule  is  that  vegetable  oils  and 
fats  rotate  to  the  right,  animal  oils  and  fats  to  the  left  Thus — 


Olive  oil, 
Colza 

Ground  nut  oil, 
Sesame  oil,  . 
Cotton  „ 
Linseed,, 
Castor  „ 
Hempeeed  oil, 
Poppy 

Almond  ,, 
Japonica  ,, 


+  1-5  to  2 
+  16-5  to  17*5 
+  4-5 

+  17 
+  20 
+  53 
+  40 
+  33 
+  30 
+  6 
+  50 


Neatsfoot  oil, 
Horsefoot  ,, 
Lard, 

Beef  tallow, 
Mutton,  „ 

Butter-i 


-fat,  j 


.    -  3 
.  -12 
.  -12-5 
.  -16 
.  -20 
-25  to-34 
average  about  -80 
Margarine,       .      .      .      .  -15 
Cocoa-nut  oil  deviates  to  the  left  like 
an  animal  fat ;  it  deviates  some  59°. 


§  208.  (d.)  Specific  Gravity. — One  methed  of  obtaining  the  specific  gravity 
of  butter-fat  is  to  fill  a  counterpoised  specific  gravity  bottle,  provided  with 
a  thermometer  stopper,  of  50  to  100  grms.  capacity,  with  water  of  35°  C. 
(95°  Fahr.),  and  immerse  it  in  a  beaker  of  water  of  about  43°  C.  (109*'4 
Fahr.).  By  thus  heating  the  specific  gravity  bottle  by  a  liquid  which  is 
falling  in  temperature,  the  water  in  it  can  be  brought  exactly  to  37° •  7  C. 
(100°  Fahr.),  at  which  temperature  the  bottle  is  taken  out,  slightly  cooled 
and  weighed ;  and  in  this  manner  the  weight  of  that  particular  bulk  of 
water  at  37w,7  C.  (100°  Fahr.)  is  obtained,  and  this  value  used  for  the  subse- 
quent operations.  To  take  the  specific  gravity  of  the  fat,  the  pure  filtered 
fat,  at  35°  C.  (95°  Fahr.),  is  poured  into  the  clean  dry  bottle,  and  the  exact 
process  just  detailed  followed.  Latterly  many  chemists  have  preferred  to 
take  the  specific  gravity  at  100°  C.  Butter,  as  compared  with  water  at 
15°  C,  has  a  specific  gravity  at  100°  C.  from  0  865  to  0  8685 ;  margarine 
0-859  to  0  863. 

Skalweit  has  found  that  the  greatest  difference  in  specific  gravity  is  to  be 
found  at  the  temperature  of  35°  C,  and  therefore  recommends  the  specific 
gravity  to  be  taken  at  that  temperature ;  thus,  butter-fat  at  100°  C.  had  a 
specific  gravity  of  0*8672,  margarine  0-8598 — a  difference  of  '0074;  but  at 
35°  C.  the  butter  specific  gravity  was  0  9121,  the  butterine  0*9019 — a 
difference  of  '0102.  Specific  gravity  at  100°  C.  may  be  taken  either  in  a 
specific  gravity  bottle  or  by  means  of  a  Westphal's  balance,  but  best  of 
all  by  a  Sprengel  tube.  In  a  former  edition  of  this  work  Mr.  Wigner's 
proposal  to  use  specific  gravity  bubbles  was  mentioned  ;  in  butters  of 
0*911  specific  gravity  (at  38°  C.)  a  bead  of  specific  gravity  0*889  slowly 
sinks  at  63°  C. ;  but  the  process  is  not  sufficiently  accurate  to  liave  found 
favour  among  analysts. 

The  specific  gravity,  as  first  pointed  out  by  Mr.  Bell,  of  Somerset 
House,  has  a  direct  relation  or  correspondence  to  the  percentage  of  insoluble 
acids,  a  fact,  it  must  be  remembered,  only  applicable  to  pure  unadulterated 
butter-fat.    Thus — 

Specific  Gravity     Actual  Insoluble        Specific  Gravity     Actual  Insoluble 


at37°'7C.  Acids  Found.  atSTTC.  Acid*  Found. 

(100"  F.).  Percent.  (100*  F.).  Percent. 

•91882  87*47  '91286  88*52 

•91346  87*89  '91276  88 '62 

•91837  87'98  '91258  88'80 

•91290  88'48  '91246  89  001 


1  Muter,  Analyst,  i.,  p.  7,  1877. 
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§  211.  (g.)  Direct  Titration  of  Butter  by  Alcoholic  Potash.— This 
elegant  test  was  first  suggested  by  Dr.  Koettstorfer,  and  is  a  general 
method  more  or  less  applicable  to  all  fats,  but  especially  suited  to  butter- 
fat,  for  most  other  fats  contain  only  the  higher  fatty  acids ;  as  the  lower 
acids  have  a  smaller  molecular  weight,  butter  must  contain  more  molecules 
of  acid  than  equal  weights  of  another  fat — in  other  words,  requires  more 
potash  for  saponification.  Koettstorfer  used  semi-normal  hydrochloric  acid 
and  an  alcoholic  solution  of  potash,  this  alkaline  solution  being  about  the 
same  strength  as  the  acid ; 1  the  indicator  was  a  dilute  alcoholic  solution 
of  phenol-phthalein.  From  1  to  2  grms.  of  the  purified  filtered  fat  are 
weighed  in  a  tall  beaker  of  about  70  c.c.  capacity,  25  c.c.  of  the  potash 
solution  are  added,  and  heated  on  a  water-bath.2  When  the  alcohol  is 
nearly  boiling,  the  mixture  is  stirred  with  a  glass  rod  till  all  the  fat  is 
dissolved,  which  does  not  take  more  than  a  minute.  The  glass  rod  is 
washed  with  a  little  alcohol,  and  the  beaker  covered  with  a  watch-glass, 
and  heated  further  for  fifteen  minutes,  in  such  a  manner  that  the  alcohol 
does  not  boil  too  violently.  At  the  end  of  the  quarter  of  an  hour,  the 
watch-glass  is  washed  with  spirit,  and  the  alcoholic  solution  is  stirred  for 
one  minute  longer  with  the  glass  rod  before  used,  so  as  to  saponify  any  fat 
that  may  still  adhere  to  it.  The  solution  is  now  taken  from  the  water- 
bath  ;  1  c.c.  of  an  alcoholic  solution  of  phenol-phthalein  added,  and  it  is 
titrated  back  with  semi-normal  hydrochloric  acid.  The  exact  point  is  very 
sharply  indicated  by  the  phenol-phthalein  changing  from  a  crimson  to  a 
yellow..  (This  reagent  is  very  sensitive  to  C02 ;  it  is  therefore  better  to 
use  a  flask  than  an  open  beaker.)  Thirteen  butters  treated  in  this  way 
by  Dr.  Koettstorfer  used  for  every  grm.  of  fat  from  221*5  to  232*4  mgrms. 
of  KHO.  Thirty-three  genuine  butters  examined  in  one  of  the  authors' 
laboratory  gave  as  a  maximum  232*9  mgrms.,  as  a  minimum  220*6  mgrms. 
KHO  (see  Table  at  p.  285). 

On  the  other  hand,  there  is  a  wide  difference  between  this  amount  and 
that  required  by  other  fats,  the  following  being  about  the  saturation 
capacity  in  mgrms.  of  potash  for  1  grm.  of  various  fats  : — 

Potash  KHO. 
Milligrammes. 

Oleo-margarine,  195*5 

Beef -dripping,  196 '5 

Tallow  .       .  196*8 

Lard  from  kidneys,       .  .       .  195*8 

Lard  from  unsmoked  bacon,  196*7 

Commercial  lard,  195*0 

Dripping,  197*0 

Or  if  the  suggestion  of  Mr.  Allen  3  be  accepted,  and  the  results  be  translated 
into  equivalents  of  the  fat  by  dividing  56*1  by  the  grms.  of  potash,  the 
results  are  as  follows — 

Oleo-margarine,   286*5 

Beef-dripping   285*5 

Tallow,   285  1 

Lard  from  kidneys   286*5 

Lard  from  unsmoked  bacon,   286*7 

Commercial  lard,   287*1 

Mutton  dripping,   284  '8 

1  The  relation  of  the  acid  to  the  alkali  must  be  very  carefully  determined  by  several 
blank  experiments. 

9  A  flask  and  inverted  condenser,  may  be  used  while  the  saponification  is  proceeding. 
»  Analyst,  1879,  162. 
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The  chief  convenience  in  expressing  the  number  in  equivalents  is,  that 
it  then  becomes  a  matter  of  indifference  whether  potash  or  soda 1  is  used 
for  the  saponification.  The  practical  question  in  the  use  of  this  test  is : 
what  is  the  lowest  limit  above  which  a  butter  may  be  passed  as  genuine, 
but  below  which  it  will  be  necessary  to  examine  the  butter  by  other 
means  1  The  general  opinion  of  analysts  as  to  this  point  is,  that  butter- 
fat,  1  grm.  of  which  uses  less  than  226  mgrms.  of  KHO  (equivalents 
248*2),  is  probably  adulterated.  The  formula  for  calculating  the  amount 
of  admixture  which  has  been  proposed  is 

(227-w)x3'17  =  x, 

x  being  the  percentage  of  admixed  fat,  n  the  number  of  mgrms.  of  potash 
used. 

§  212.  (h.)  The  Decomposition  of  the  Fat  into  Fatty  Acids  ami 
Glycerin. — This  is  effected  by  saponifying  with  an  alcoholic  solution  of 
potash,  decomposing  the  soap  with  sulphuric  acid,  washing  the  subsequent 
fatty  acids  with  water,  titrating  the  soluble,  and  weighing  the  insoluble 
acids.  The  details  of  the  process  have  been  so  simplified  by  successive 
improvements,  that  what  was  formerly  a  tedious  and  even  difficult  opera- 
tion is  now  moderately  speedy  and  simple.  The  solutions  requisite  are  as 
follows : — 2 

(1.)  Approximately  semi-normal  alcoholic  potash  solution,  28  grms., 
roughly  weighed,  of  KHO,  dissolved  to  a  litre  with  alcohol  (specific  gravity 
•840). 

(2.)  Approximately  semi-normal  sulphuric  acid — i.e.,  25  grms.  of  the 
strong  acid  to  the  litre.8 

(3.)  Deci-normal  soda  solution  of  exact  strength,  most  conveniently 
made  by  dissolving  metallic  sodium  in  water,  in  the  exact  proportion  of 
2*3  grms.  to  the  litre.    [1  c.c.  equals  *0088  of  butyric  acid.] 

It  is  necessary  to  know  with  the  greatest  exactitude  the  relationship 
between  the  potash  and  the  sulphuric  acid  solution ;  the  exact  quantity  of 
alcoholic  potash  that  is  to  be  used  in  the  analysis  is  delivered  from  a  25  c.c. 
or  50  c.c.  pipette,  as  the  case  may  be,  phenol-phthalein  solution  added,  and 
then  titrated  by  the  acid.  It  is  also  necessary  to  know  the  relationship 
between  the  d.  n.  soda  and  the  sulphuric  acid,  which  must  be  found  in  the 
usual  way.  4  to  5  grms.  of  the  pure  dry  fat  are  weighed  by  difference 
into  a  flask,  and  50  c.c.  of  potash  solution  added ;  the  flask,  closed  by  a 
glass  marble,  is  now  heated  on  the  top  of  the  water  oven,  and  by  occasion- 
ally giving  it  a  rotatory  motion,  saponification  is  complete  under  the  hour 
at  the  low  temperature  of  50°  C. 

The  senior  author  does  not  himself  follow  the  above  process,  but  uses  the 
strong  small  assay  flasks  recommended  by  Dr.  Dupre.  These  flasks  are  of 
about  70  c.c.  capacity,  and  with  rather  long  narrow  necks,  the  whole 
capable  of  bearing  considerable  pressure.  4  to  5  grms.  of  the  fat  are 
poured  into  such  a  flask,  25  c.c.  of  potash  solution  added,  well  corked  with 
a  caoutchouc  stopper,  which  must  be  secured  by  string  and  strong  linen  or 
canvas,  and  then  the  flask  suspended  in  the  boiling  water  of  a  water-bath. 

1  It  is  scarcely  necessary  to  add  that  should  soda  be  used,  then  40,  the  equivalent  of 
soda,  must  be  divided  by  grms.  of  the  alkali  used. 

2  "  Butter-Fat,"  by  E.  W.  Jones,  F.C.S.    Analyst,  May,  1877. 

3  An  accurate  ~  solution  of  HC1  is  now  usually  employed. 
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At  the  end  of  an  hour  or  less  it  may  be  taken  out  completely  saponified.1 
When  cool  the  flask  is  opened,  the  soap  gently  melted  and  poured  into  a 
flask  of  about  500  c.c.  capacity,  having  a  long,  rather  narrow  neck  (see  fig. 
37),  which  carries  the  tubes  a  and  b — the  tube  a  for  the  admission  of  air, 
the  tube  b  furnished  with  a  stopcock.  In 
this  flask  the  soap  is  decomposed  by  adding 
about  1  c.c.  more  sulphuric  acid  than  is 
necessary  to  neutralise  the  potash;  if,  for 
example,  the  latter  is  neutralised  by  25 
c.c.  of  the  sulphuric  acid  26  c.c.  are  added, 
and  after  this  addition  the  fatty  acids 
melted  so  as  to  form  a  layer  on  the  surface 
of  the  acid  water.2  At  this  point  the  whole 
may  be  diluted  with  warm  water  up  to  200 
c.c.  or  300  c.c,  the  cork  carrying  the  tubes 
inverted,  and  the  flask  turned  upside  down, 
as  represented  in  the  figure.  After  standing 
a  few  hours  the  cake  is  more  or  less  solid, 
and  the  lower  stratum  of  liquid  may  be  run 
off  almost  clear.  It  will,  however,  always  be 
safest  to  pass  it  through  a  filter.  By  adapt- 
ing an  india-rubber  tube  to  a,  warm  water 
may  be  sucked  up  through  b,  and  the  fat 
washed  in  the  flask  (perfectly  closed   by  Fig.  37. 

pinching  the  india-rubber),  and  then  the 

cake  allowed  to  form  as  before.  The  fluid  is  now  again  run  off  from 
the  solid,  and  this  time  cold  water  may  be  sucked  up  through  a,  and 
the  whole  process  of  alternations  of  hot  and  cold  water  repeated.  Lastly, 
the  cork  with  its  tubes  is  removed,  any  adherent  fat  washed  off  with  warm 
water  into  the  flask,  the  latter  adapted  either  to  an  upright  Liebig's 
condenser  and  boiled,  or  connected  in  the  usual  way  with  a  receiving  flask 
adjusted  by  a  cork  tightly  to  the  bent  tube  of  the  condenser,  and  furnished 
with  a  mercury  valve,  the  whole  forming  a  closed  system.  In  the  latter 
case,  also,  the  heat  is  applied  to  boiling  for  five  or  ten  minutes,  and  the 
distillate  added  to  the  filtrates;  lastly,  the  cork  with  tubes  is  again 
connected,  the  flask  inverted,  the  liquid  when  cool  run  off,  and  the  fat 
finally  washed  with  a  little  cold  water  and  allowed  to  drain. 

The  watery  liquid  contains  sulphuric  acid,  glycerin,  sulphate  of  potash, 
alcohol,  butyric,  and  the  other  soluble  fatty  acids ;  it  will  be  in  bulk  from 
600  to  700  c.c,  and  may  be  made  up  to  any  definite  quantity.  In  any 
case,  a  portion  of  it — a  quarter,  a  fifth,  or  even  a  tenth — must  be  taken 
and  titrated  with  d.  n.  soda,  which,  when  the  quantity  required  to 
neutralise  the  1  c.c.  of  sulphuric  acid  in  excess  is  subtracted,  indicates  the 
amount  of  soluble  acid,  and  is  always  returned  as  butyric,  which  is  near 
enough  to  the  truth. 

Instead  of  this  method  it  may  be  useful  to  distil  the  acid  liquid  until 
all  the  volatile  acid  which  can  be  obtained  has  gone  over,  and  then  titrate 
the  distillate.  It  is  also  possible  to  separate  the  volatile  fatty  acids  from 
such  a  solution  by  shaking  up  with  ether  in  the  tube  figured  at  p.  223,  the 
ether  dissolving  the  acids  freely. 

1  The  reason  for  preferring  this  method  is,  that  less  potash  is  required. 
9  The  American  Association  of  Official  Analysts  recommend  connecting  the  flask, 
while  the  acids  are  being  melted,  with  a  long  upright  narrow  ^IwAtata. 
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The  insoluble  fatty  acids  remaining  partly  in  the  flask,  with  a  trace  on 
the  filter,  are  now  united  in  a  flat  porcelain  dish.  This  is  done  by  melting 
the  acids  in  the  flask,  pouring  off,  and  extracting  by  alcohol  and  ether — 
the  same  solvent  also  dissolving  the  acids  from  the  filter.  On  evaporation 
of  the  alcohol  and  ether,  one  or  two  large  bubbles  of  water  may  be  formed 
in  the  acids,  and  it  is  best  to  add  a  few  drops  of  absolute  alcohol.  The 
dish  is  now  placed  on  the  top  of  the  water-bath  (the  water  in  which  should 
only  boil  gently),  and  weighed  at  short  intervals ;  if  after  twenty  minutes 
only  1  or  2  mgrms.  are  lost,  the  weight  is  considered  constant.  See  also 
Johnson's  method,  p.  297. 

The  following  are  a  few  examples  of  percentages  of  fatty  acids  found  in 
genuine  butters : — 

(1.)  (2.)  (3.)  (4.) 

Soluble,   .       .       .     592  576  5  37  4*77 

Insoluble,       .       .    87*86         88*10         87*68  88*44 

93*78         93*86         93*05  93*21 

It  is  generally  accepted  that  88  per  cent  of  insoluble  acids,  if  associated 
with  6 '3  of  soluble  acids,  is  a  fair  standard  of  butter  calculation,  and  that 
if  a  butter  shows  anything  less  than  89*5  insoluble,  with  5  soluble,  it  may 
be  passed  as  genuine. 

A  few  examples  of  adulterated  butter-fat  are  as  follows : — 

(1.)  (2.)  (3.) 

A  Commercial    A  Commercial  i,amoHno 
Butter.  Butter.  Margarine. 

Soluble,        .       .       .       .1*98  2  34  *58 

Insoluble,     ....    93*30  93*82  95*51 


95*28  96  16  96*09 

§  213.  (*.)  Estimation  of  the  Volatile  Fatty  Acids.— Reichert-Wollny 
Process. — The  original  Reichert  process  and  the  modification  of  it  known 
as  the  Reichert-Meissl  process,  described  in  previous  editions  of  this  work, 
are  now  no  longer  used,  owing  to  the  careful  research  of  Wollny,  which 
proved  that  the  processes  were  open  to  error  in  many  ways.  The  process 
generally  used  both  for  butter  and  margarine,  and  which  may  be  almost 
called  the  official  method  in  this  country,  is  the  Reichert-Wollny  process. 
In  order  that  results  may  be  uniformly  comparable,  it  has  been  agreed  by 
the  Principal  Chemist  of  the  Government  Laboratory,  and  a  committee 
appointed  by  the  Society  of  Public  Analysts,  that  the  following  method 
of  working  shall  be  adopted.  This  method  is  recommended  for  margarine, 
but  it  is  equally  applicable  to  all  fats.  It  is  essential  that  the  measure- 
ments given,  the  quantity  of  fat  taken,  and  all  other  details  should  be 
followed  closely.  Should  it  be  convenient  to  take  2*5  grms.  of  fat  instead 
of  5  grms.,  half  the  other  quantities  must  be  taken  and  55  c.c.  distilled. 
The  result  multiplied  by  two  will  be  slightly  higher  than  the  true  Wollny 
figure.  The  method  is  as  follows  : — 
/  Five  grms.  of  the  melted  and  filtered  sample  are  introduced  into  a  300 
c.c.  flask  (see  fig.  37a),  2  c.c.  of  aqueous  sodium  hydroxide  (1:1)  free  from 
carbon  dioxide  are  added,  and  also  10  c.c.  of  92  per  cent,  alcohol,  and  the 
mixture  is  heated  under  a  reflux  condenser,  connected  with  the  flask  by  a 
T-piece,  for  15  minutes  in  a  bath  containing  boiling  water.  The  alcohol  is 
distilled  off  by  heating  the  flask  on  the  water-bath  for  about  half  an  hour, 
or  until  the  soap  is  dry.    One  hundred  cc.  of  hot  water  which  has  been 
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kept  boiling  for  at  least  10  minutes  are  added,  and  the  flask  heated  until 
the  soap  is  dissolved.  Forty  c.c.  of  Ar-sulphuric  acid  and  three  or  four 
fragments  of  pumice  or  broken  pipe-stems  are  added,  and  the  flask  is  at 
once  connected  with  the  condenser,  as  indicated  in  the  figure.  The  flask, 
which  is  supported  on  a  circular  piece  of  asbestos  12  cm.  in  diameter 
having  a  hole  in  the  centre  5  cm.  in  diameter,  is  first  heated  with  a  very 
small  flame,  to  fuse  the  insoluble  fatty  acids  without  causing  the  liquid  to 
boil.    The  heat  is  then  increased,  and  when  fusion  is  complete  110  c.c. 


Fio.  37«. — Apparatus  for  the  Reichert-Wollny  process. 


arc  distilled  off  into  a  graduated  flask,  the  distillation  lasting  about  30 
minutes  (say  from  28  to  32  minutes).  The  distillate  is  shaken,  100  c.c. 
are  filtered  off,  transferred  to  a  beaker,  0*5  c.c.  of  phenol-phthalein  solution 
(1  grm.  in  100  c.c.  of  alcohol)  added,  and  the  filtrate  titrated  with  N/10 
sodium  or  barium  hydroxide.  As  the  chemicals  used  may  yield  a  slightly 
acid  distillate,  a  blank  experiment  should  l>e  made,  and  the  result  allowed 
for;  this  should,  however,  not  exceed  0*3  c.c.  of  A710  alkali.  The  final 
result  multiplied  by  1*1  is  the  Reichert-Wollny  number. 

The  following  table  gives,  I,  the  Reichert-Wollny  number  as  determined 
by  this  method,  and,  II,  the  corresponding  amount  of  butter-fat  that  is 
assumed  to  be  present  in  the  margarine  : — 

L,    .       .    4'0    4*3    4  6    4*9    52    55    5'9    62    65    68  71 
II.,    ..       .     10     11     12     13     14     15     16     17     18     19  20 

No  presumption  against  the  margarine  in  regard  to  its  content  of  butter- 
fat  should  be  raised  unless  the  Reichert-Wollny  number  thus  ascertained 
exceeds  4. 

Leffimann  and  Beam's  Process. — This  is  in  some  respects  superior  to  the 
one  described,  but  chiefly  because  it  gives  a  sharper  end  reaction. 

In  place  of  alcoholic  potash,  glyceroLsoda  prepared  as  follows  is  used  : — 
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Dissolve  100  grms.  of  pure  sodium  hydroxide  in  100  c.c.  of  distilled  water 
and  allow  to  stand  until  clear.  Mix  20  c.c.  of  tbis  solution  with  180  c.c. 
of  pure  concentrated  glycerol. 

Place  5  grms.  of  the  fat  in  a  300  c.c.  flask,  add  to  it  20  c.c.  of  the 
glycerol  soda,  and  heat  over  a  Bunsen  burner ;  the  mixture  will  require 
careful  watching,  as  there  is  considerable  frothing ;  saponification  is 
complete  in  a  few  minutes.  The  rest  of  the  operation  may  be  carried  out 
as  in  the  Reichert- Wollny  process. 

English  butters  made  from  the  mixed  cream  of  several  cows  have  a 
mean  value  of  29,  and  the  minimum  value  adopted  in  this  country  is  24, 
but  smaller  values  may  be  obtained  from  the  butter  of  single  cows,  and 
under  these  circumstances  the  minimum  may  fall  as  low  as  20*4  (see  page 
304).  Reichert  and  Meissl  have  proposed  to  calculate  the  amount  of  real 
butter-fat  by  taking  28*78  as  a  standard  by  the  following  formula : — 

B_100(tt-C) 
"  2878-C 

n  is  the  Reichert-Meissl  value,  and  C  the  value  of  the  admixed  fat.  Meissl 
thinks  that  C  may  be  taken  as  3.  The  formula  is,  of  course,  only  a  rough 
guide,  because  the  value  for  the  original  butter  may  be  higher  or  lower 
than  28*78.  The  following  are  results  obtained  by  various  observers  with 
the  Reichert  process  : — 

D.  N.  Soda. 


Butter-fat,   24  to  32 

Lard,   *4  to  '6 

Rape  oil,   '6 

Sesame*  oil,   *7 

Olive  oil,   '6 

Palm  oil,   1*0 

Kidney-fat,   *5 

Cocoa-nut  oil,   7*0  to  8*0 

Margarines,   0 '8  to  3*0 

Butter-fat +10  per  cent,  cocoa-nut  oil,      .      .  26*8 

50        „                          .  18-0 

Butter-fat  50,  cocoa-nut  oil  22*5,  margarine  27*5,  17*4 


H.  Kreis 1  has  proposed  to  saponify  by  sulphuric  acid ;  his  method  has 
been  subsequently  modified  by  several  chemists,  the  most  important 
addition  to  the  process  being  the  use  of  potassic  permanganate.  Dr. 
Rideal  adds  10  c.c.  of  sulphuric  acid,  specific  gravity  1*836,  to  2  5  grms. 
of  melted  butter-fat;  the  butter  dissolves.  100  c.c.  of  water  are  now 
added,  and  the  sulphurous  acid  developed  is  destroyed  by  about  1  c.c.  of 
strong  potassium  permanganate  solution.  The  mixture  is  distilled  until 
80  c.c.  of  distillate  are  obtained.  In  nineteen  different  butters  examined 
by  the  Reichert-Meissl  process  and  the  sulphuric  acid  process,  the  mean 
number  of  c.c.  of  decinormal  alkali  consumed  was  28*8  for  the  former  and 
29-4  for  the  latter. 

A  process  of  saponification  has  been  proposed  and  practised  by  Mr.  West 
Knight,2  which  is  based  on  the  insolubility  of  the  oleate,  stearate,  and 
palmitate  of  barium,  and  the  ready  solubility  of  the  volatile  fatty  acid 
combinations  with  barium.  The  butter-fat  is  saponified  with  alcoholic 
potash  in  the  ordinary  way.  The  soap  solution  is  diluted  to  300  c.c,  and  a 
solution  of  chloride  of  barium  added  until  a  curdy  precipitate  separates,  and 

1  Chemiker  Zeituvg,  1892,  16,  1394.  1  Analyst,  1880. 
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the  liquid  is  no  longer  rendered  milky  by  a  fresh  addition — the  insoluble 
barium  fatty  acids  are  collected  on  a  filter,  and  ultimately  transferred  to 
a  tube  such  as  is  used  by  Muter  (p.  298),  and  the  fatty  acids  liberated  by 
sulphuric  acid  and  shaken  up  with  ether ;  when  separation  has  been  effected, 
a  fractional  part  of  the  ether  is  taken,  and  evaporated  in  a  tared  flask. 

Wm.  Johnstone1  has  proposed  a  method  of  dealing  with  butter-fat 
which  has  the  advantages  of  Koettstorfer's  process,  and  gives  the  amount 
of  soluble  and  insoluble  fatty  acids.  2*5  grms.  of  the  butter-fat  are 
saponified  with  a  known  quantity  of  alcoholic  potash  in  a  closed  flask,  the 
titre  of  the  potash  having  been  carefully  ascertained. 

After  saponification  the  liquid  is  exactly  neutralised,  and  thus — 

A.  The  amount  of  alkali  required  to  saturate  all  the  acids  of  the  butter 
is  ascertained. 

The  alcohol  is  now  boiled  off  and  an  excess  of  acid  added  to  decompose 
the  soap.  The  fatty  acids  are  washed  with  hot  water  (as  before  described), 
the  insoluble  fatty  acids  collected  on  a  filter  and  dried  in  air ; 9  the  filter  is 
transferred  to  a  Soxhlet  tube,  and  its  contents  exhausted  with  dry  ether, 
the  ethereal  solution  being  received  in  a  weighed  flask.  When  the  extrac- 
tion is  complete  the  ether  is  driven  off,  the  flask  and  its  contents  carefully 
dried  and  weighed ;  this  gives — 

B.  Insoluble  acids  by  weight. 

Next  the  fatty  acids  remaining  in  the  flask  are  saponified  by  a  known 
volume  of  standard  alkali  and  titrated  with  standard  acid ;  this  gives — 

C.  Amount  of  alkali  required  to  saturate  the  insoluble  acids. 

By  subtracting  C  from  A,  the  amount  of  alkali  required  to  saturate  D, 
the  soluble  fatty  acids,  is  obtained.  An  example  will  make  the  working 
clear. 

2*5  grms.  of  butter  were  saponified  by  25*00  c.c.  of  normal  alcoholic 
potash ;  after  saponification  the  liquid  was  neutralised  by  14*78  c.c.  of 
standard  acid,  therefore  (A)  the  alkali  was  equal  to  25*00  - 14*78  c.c. ; 
that  is,  10*22  c.c.  of  normal  potash. 

(B)  The  insoluble  fatty  acids  weighed  2*2487  grms.  =  89*95  per  cent. 
The  insoluble  fatty  acids  were  Baponified  by  normal  potash,  the  difference 
of  acid  taken  was  equal  to  81 3  c.c.  of  potash — tliat  is  to  say,  the 
insoluble  acids  were  neutralised  by  (C)  813  c.c.  of  normal  potash  ;  but  the 
total  acids  consumed  10*22  c.c.  of  normal  potash ;  therefore,  the  soluble 
acids  (D)  must  be  equal  to  10*22-8*13  c.c,  or  2*09,  equal  to  7*35  per 
cent,  of  butyric  acid. 

§  214.  Further  Analysis  of  tlie  Insoluble  Fatty  Acids. — The  insoluble 
fatty  acids  are,  as  already  stated,  oleic,  palmitic,  and  stearic ;  it  is  their 
total  weight  which  is  alone  valuable,  and  to  separate  the  three  with  accuracy 
is  not  easily  effected.  The  first  can,  however,  be  isolated  by  the  following 
process,  the  details  of  which  have  been  worked  out  by  Dr.  Muter.  The 
process  depends  upon  the  well-known  fact  that  the  oleate  of  lead, 
Pb2C1HH3302l  can  be  separated  from  plumbic  palmitate,  Pb2C10H8jO2,  and 
plumbic  stearate,  Pb2C18H3502,  by  taking  advantage  of  the  solubility  of 
the  former  in  ether. 

Muter's  method  of  estimating  oleic  acid  is  as  follows:— 3  grms.  of  the 
fat  are  saponified  by  means  of  alcoholic  potash.    The  potash  is  carefully 

1  The  Analyst,  xiv.,  1889,  No.  158. 

9  Richmond  dissolves  the  fatty  acids  in  warm  alcohol,  makes  up  to  100  c.c.  with 
alcohol ;  of  this  he  takes  25  c.c,  and  eva{>orates  and  weighs.  He  takes  50  c.c,  and 
titrates  with  alcoholic  soda  solution— this  gives  both  H  and  C  as  above. 
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decomposed  with  HC1,  and  the  solid  fatty  acids  dried  and  weighed ;  the 
results  were : — 

Per  cent.  Iodine  number. 

Solid  fatty  acids,       46*24    4*9 

Liquid  fatty  acids,    61*82    103*37 

figures  indicating  that  all  the  solid  and  part  of  the  liquid  acids  had  been 
precipitated. 

If  the  iodine  number  of  the  total  fatty  acids  is  obtained,  the  method  of 
calculating  results  is  as  in  the  following  example : — 4  grins,  of  fatty  acids 
gave  an  iodine  number  of  62  57 ;  the  fatty  acids  from  the  filtrate  at  15° 
gave  an  iodine  number  of  109*35,  and  were  equal  to  4 6  8 1  per  cent. 

The  percentage  of  liquid  acids  multiplied  by  the  iodine  number  of  these 
acids  and  deducted  from  the  iodine  number  of  the  total  acids  equals  oleic 
acid.    Dividing  this  by  0  9  gives  the  percentage  of  oleic  acid  precipitated 

with  the  solid  acids.    Thus  in  the  above  case  46  81  XJ-09'35  =  51*19  -  62*57 

100 

=  11*38.  Dividing  11*38  by  0  9  =  12*64  in  the  precipitate,  which,  added 
to  46*81,  represents  the  total  liquid  acids,  59*45. 

Mr.  Wanklyn 1  has  proposed  estimating  butyric  acid  derived  from  the 
formation  of  butyric  ether  in  saponifying  with  alcoholic  potash  as 
follows : — The  butter  is  clarified  in  the  usual  way,  and  then  5  grms.  are 
weighed  and  taken  for  the  analysis.  The  butter  is  placed  in  a  small 
retort  of  about  200  c.c.  capacity,  and  fitted  to  a  condenser.  About  100  c.c. 
of  alcohol  (specific  gravity  0*838)  is  added  to  the  butter  in  the  retort,  and 
then  0*5  grm.  of  solid  potash  is  added.  The  retort  is  then  gently  heated, 
and  the  contents  are  distilled,  the  distillation  being  continued  to  dryness. 
The  distillate  is  received  in  a  bottle  fitted  with  a  stopper,  and  containing 
40  c.c.  of  accurately  measured  normal  caustic  potash  or  soda.  When  the 
distillation  is  complete,  the  stopper  is  placed  in  the  bottle  and  the  contents 
are  shaken  for  a  short  time,  and  presently  it  will  be  found  that  the  smell 
of  butyric  ether  has  vanished.  Phenol-phthalein  is  now  added  to  serve 
as  an  indicator,  and  the  solution  is  titrated  with  normal  sulphuric  acid. 

Good  butters  treated  in  this  way  yield  from  2*8  to  3*4  per  cent,  of 
butyric  acid  as  ether,  while  common  margarine  only  a  trace. 

Haberland 2  has  worked  out  a  scheme  of  quantitatively  separating 
acetic,  butyric,  propionic,  and  formic  acids.  The  four  acids  are  made  free 
by  phosphoric  acid  and  distilled,  the  distillate  evaporated  with  lead  oxide, 
the  residue  dissolved  in  cold  water,  and  the  solution  heated  to  boiling. 
Basic  lead  propionate  is  precipitated ;  the  other  lead  salts  remain  in 
solution  and  are  filtered  off.  The  filtrate  is  treated  with  H2S04,  evaporated 
to  dryness  with  excess  of  zinc  oxide,  and  the  mass  is  then  treated  with 
a  large  volume  of  absolute  alcohol  and  filtered.  Zinc  formate  and  lead 
sulphate  remain  on  the  filter.  The  alcoholic  filtrate  is  evaporated  to 
dryness,  and  distilled  with  phosphoric  acid.  To  the  distillate  silver  carbonate 
is  added,  and  the  solution  is  evaporated,  when,  in  consequence  of  the  lower 
solubility  of  silver  butyrate  (1  part  in  250  water),  this  salt  separates  with 
almost  quantitative  completeness.  Silver  acetate  (solubility  1  part  in  100 
water)  remains  in  solutiou. 

§  215.  Estimation  of  Glycerin.— The  determination  of  glycerin  in  fats, 
hitherto  most  unsatisfactory,  can  now,  thanks  to  the  labours  of  Wanklyn, 
Fox,  Beuedikt,  and  Zsigmondy,  be  accomplished  with  fair  accuracy. 

1  "The  Analysis  of  Butter,"  by  W.  Fox  and  J.  A.  Wanklyn.    Analyst,  1884. 
3  Zeit.  anal.  Chem.,  1899,  xxxviii.,  217-226. 
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The  process  is  based  upon  the  oxidation  of  the  glycerin  by  alkaline 
permanganate,  the  consequent  formation  of  oxalic  acid,  carbon  dioxide, 
and  water ;  and  the  estimation  of  the  oxalic  acid ;  whence  the  glycerin  is- 
calculated  according  to  the  formula — 

C8H808  +  302 «  C2H204  +  C02  +  3H20. 

100  parts  of  oxalic  acid  are  equal  to  102*2  parts  of  glycerin,  or,  since  the 
oxalic  acid  is  usually  determined  as  lime  carbonate,  100  parts  of  lime 
carbonate  equal  92  parts  of  glycerin. 

The  details  of  the  process  are  as  follows: — 10  grms.  of  the  filtered 
butter-fat  are  saponified  by  a  known  volume  of  a  solution  of  KHO  in  pure 
methyl  alcohol,1  or,  better  still,  by  a  strong  aqueous  solution  of  potash. 
Mr.  Allen  has  recommended  saponifying  the  fat  by  means  of  25  cc.  of  a 
16  per  cent,  potash  solution  in  a  flask  well  stoppered  down  by  means  of 
an  india-rubber  stopper,  heat  being  applied  by  means  of  a  water-bath  for 
several  hours,  until  from  the  homogeneous  appearance  of  the  liquid  it  is 
certain  that  saponification  has  been  effected.  The  soap  is  now  decomposed 
in  the  usual  way  by  means  of  dilute  sulphuric  acid;  the  fatty  acids 
separated  ;  the  filtrate  made  up  to  a  known  bulk,  and  a  fractional  part  of 
this  taken  for  oxidation.  The  oxidation  is  carried  out  as  follows:— The 
solution  is  alkalised  by  potash  solution  containing  at  least  5  per  cent,  of 
free  alkali,  and  then  a  5  per  cent  solution  of  potassic  permanganate 
is  added  until  the  liquid  is  blackish  in  colour.  The  solution  is  boiled, 
whereupon  manganese  oxide  is  precipitated,  but  the  excess  still  tinges 
the  liquid  red,  the  red  colour  is  discharged  by  adding  sulphurous  acid, 
the  whole  is  then  filtered  and  the  precipitate  well  washed  with  boiling 
water.  The  filtrate  is  boiled,  and,  while  boiling,  an  excess  of  calcium 
acetate  is  added.  The  precipitate,  consisting  of  an  impure  calcic  oxalate, 
is  collected,  washed,  dissolved  in  dilute  sulphuric  acid,  and  titrated  with 
permanganate  solution,  or  it  may  be  ignited,  and  the  resulting  calcic 
carbonate  dissolved  in  &  n.  HC1,  titrating  back  with  a  known  volume  of 
a  solution  of  d.  n.  soda,  and  using  methyl  orange  as  an  indicator.  The 
best  results  are  obtained  when  the  amount  of  glycerin  to  be  oxidised  is 
from  '3  to  -5  grm.,  and  the  dilution  not  greater  than  *1  per  cent.2 

§  216.  Tlie  Iodine  Value. — Hubl  (Dinyl.  polyt.  Joum.,  ccliii.,  281-295) 
has  proposed  a  method  which  is  of  the  greatest  value  in  the  examination  of 
oils  and  fats  generally,  and  can  be  applied  to  the  analysis  of  butter.  The 
melted  fat  is  treated  with  an  alcoholic  solution  of  iodine  in  presence  of 
an  alcoholic  solution  of  mercury  bichloride ;  under  these  circumstances 
the  unsaturated  fatty  acids  or  their  glycerides  absorb  iodine  in  a  regular 
and  definite  manner.  With  regard  to  butter,  the  only  unsaturated  fatty 
acid  is  oleic  acid ;  hence  the  amount  of  iodine  absorbed  has  relation  to  the 
content  of  olein  or  to  oleic  acid. 

1  Ethyl  alcohol  cannot  be  used,  for  on  treatment  with  boiling  alkaline  permanganate, 
some  oxalic  acid  is  produced. 

2  See  papers  by  Messrs.  Fox  &  Wanklyn,  Chem.  Areirs,  Jan.  8,  1886 ;  by  R. 
Benedikt  &  K.  Zsigmondy,  Analyst ,  x.,  205  ;  and  by  Allen,  op.  cit.9  xi.,  52. 

J.  David,  CoinpL  Kcnd.t  xciv.,  1477-1479,  estimates  glycerin  as  follows  :— 100  grms. 
of  the  fat  are  melted,  65  grms.  of  barium  hydrate  are  added,  with  brisk  stirring ;  when 
most  of  the  water  has  been  expelled  the  heating  is  discontinued  ;  80  cc.  of  95  per  cent, 
alcohol  are  poured  on  the  mass,  and  the  whole  stirred  ;  1  litre  of  water  is  then  added,  and 
the  mixture  boiled  for  an  hour.  The  barium  soap  remains  insoluble,  whilst  the  glycerol 
is  dissolved  by  the  water,  which  is  freed  from  the  excess  of  barium,  reduced  in  volume 
by  boiling,  and  finally  evaporated  in  a  vacuum  at  a  low  temj>erature.  The  glycerin 
might  evidently  be  estimated  by  the  oxalic  method. 
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The  following  solutions  are  required  : — 

(1)  Solution  of  iodine  and  mercury  bichloride.  25  grms.  of  iodine  are 
dissolved  in  half  a  litre  of  alcohol  of  95  per  cent,  strength,  and  30  grms. 
of  mercury  bichloride  are  dissolved  in  another  half  litre  of  alcohol;  the 
two  solutions  are  now  mixed,  and  allowed  to  stand,  before  standardising, 
for  twenty-four  hours. 

(2)  Solution  of  sodium  hyposulphite,  24  grms.  to  the  litre. 

grms.  of  potassium  bichromate  dissolved  in  a  litre  of  water. 

(4)  A  solution  of  potassium  iodide,  10  per  cent,  strength. 

The  thiosulphate  is  standardised  as  follows: — 10  c.c.  of  the  potassium 
iodide  solution  are  placed  in  a  stoppered  bottle,  and  5  c.c.  of  HC1  added, 
together  with  20  c.c.  of  the  bichromate  solution.  This  will  liberate 
exactly  0*2  grin,  of  iodine.  The  thiosulphate  solution  is  run  in  carefully 
until  a  light  straw  colour  only  remains,  then  a  little  freshly-prepared 
starch  solution  is  added,  and  the  thiosulphate  run  in  until  the  blue 
colour  disappears.  The  number  of  cubic  centimetres  added  will,  of 
course,  be  equal  to  0*2  grin,  of  iodine.  The  next  thing  is  to  titrate  with 
the  thiosulphate  the  solution  of  iodine  and  mercury  bichloride.  It  is  best 
to  take  for  this  purpose  25  c.c.  of  the  iodine  solution,  and  to  operate  in 
a  similar  way — that  is,  running  in  the  thiosulphate  until  there  is  only 
a  pale  straw  colour,  and  finishing  with  starch  as  an  indicator. 

To  obtain  the  iodine  value  of  butter-fat,  from  0*6  to  0*8  grm.  of  the 
clear  melted  fat  is  dropped  on  to  the  bottom  of  a  tared  flask,  the  flask 
and  its  contents  weighed.  The  fat  is  dissolved  in  10  c.c.  of  chloroform, 
and  25  c.c.  of  the  iodine  solution  run  into  the  flask,  which  should  be  at 
least  500  c.c.  in  capacity ;  the  flask  is  now  stoppered  and  put  in  the  dark 
for  four  hours.  Should  the  iodine  solution  become  decidedly  pale  at  the 
end  of  two  hours,  a  second  25  c.c.  of  iodine  is  run  in,  for  unless  an  excess 
is  present,  accurate  results  will  not  be  obtained.  At  the  end  of  the  stated 
time,  20  c.c  of  the  potassium  iodide  solution  are  added  (or,  should  there 
be  a  red  precipitate  of  mercury  iodide,  even  more),  the  liquid  diluted 
with  from  300  to  500  c.c.  of  water,  well  shaken  and  titrated  with  the 
thiosulphate,  using  as  an  indicator  starch  solution.  The  difference  in  the 
number  of  cubic  centimetres  of  thiosulphate  used  on  the  original  iodine 
solution,  and  that  on  the  solution  which  has  acted  on  the  fat,  gives  the 
requisite  data  from  which  to  calculate  the  amount  of  iodine  the  fat 
has  absorbed  ;  this  is  calculated  into  per  cent,  of  the  fat. 

Rowland  Williams 1  has  examined  in  this  way  thirty  butters,  the  mean 
of  which  gave  35-34  per  cent,  of  iodine  absorbed,  the  extremes  being  23  6 
and  40-3.    Seven  margarines  gave  from  62*29  to  75*22  per  cent. 

The  same  process  is  applicable  to  the  insoluble  fatty  acids,  a 
weighed  quantity  from  0*2  to  0  4  of  the  fatty  acids  being  dissolved  in 
chloroform  and  treated  as  above.  The  following  are  a  few  iodine 
values  for  various  fats  and  oils : — 


Iodine 
number. 

Linseed  oil,  ....  158*0 
Castor  oil,  84*4 

Olive  oil,  82*8 

Lard,  59*0 

Margarine,  .  55*3 
Palm  oil,  51*5 


Iodine 
number. 


Tullow   40*0 

Cocoa  butter,    .       .       .  84*0 

Nutmeg  butter,              .  81*0 

Butter-Tat  (from  26  *0  to  35  *1 ),  .  31  *0 

Cocoa-nut  oil,    .       .             .  8*9 

Japanese  wax,  .  4*2 


1  Analyst,  June,  1894. 
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In  fats,  like  butter-fat,  in  which  it  is  believed  there  are  no  other 
unsaturated  acids  than  oleic ;  olein,  and  the  oleic  acid  can  be  estimated  in 
this  way. 

The  theoretical  amount  of  iodine  absorbed  by  oleic  acid  is  90*07  per 
cent.,  and  the  theoretical  iodine  value  for  olein  is  86  20.  Hence,  if  the 
iodine  value  of  a  fat  equals  1,  the  percentage  of  olein  will  be  found  from 
the  following  formula — 

Olein-™0*1 
86*2 

Or,  simpler  still,  the  iodine  value  multiplied  by  the  factor  1*1601  gives 
the  olein.  Similarly  the  amount  of  oleic  acid  in  the  fatty  acids  is  found 
by  multiplying  the  iodine  value  fouud  by  the  factor  1*1102. 

Hehner1  has  proposed  to  treat  fats  with  bromine,  and  weigh  the 
product.  1  to  3  grms.  of  the  fat  are  introduced  into  a  wide-mouthed 
flask,  and  dissolved  in  a  few  cubic  centimetres  of 
chloroform;  then  pure  bromine  is  added  drop  by 
drop  until  in  excess.  The  flask  is  then  heated  in 
tho  water-bath,  and  the  bromine  driven  oft*  by 
adding  from  time  to  time  a  little  chloroform. 
Finally  the  brominised  fat  is  dried  at  125°  C,  and 
weighed.  To  compare  the  results  with  those 
obtained  with  iodine,  the  gain  in  weight  is  multi- 
127 

plied  by  — — that  is,  1*587  ;  the  results  fairly 
agree. 

§  217.  The  Cryoscopic  Method  of  Examining 
Butter-Fat. — Raoult's  method  of  determining  mole- 
cular weights  is  applicable  to  butter-fat,  and  may 
be  used  as  a  means  of  distinguishing  it  from 
margarine.2  F.  Garelli  and  L.  Carcano,  using 
benzene  as  a  solvent,  and  considering  the  constant 
for  benzene  to  be  53  (it  is  usually  taken  as  49), 
found  that  pure  butter  had  a  molecular  weight  of 
from  696  to  716,  while  margarines  ranged  from 
780  to  883.8 

The  apparatus  required  is  (1.)  a  Beckman's 
thermometer,  D  (fig.  39) ;  this  thermometer  has  a 
mercury  reservoir  at  the  top,  e,  so  that  variable 
amounts  of  mercury  may  be  introduced  into  the 
lower  bulb ;  it  has  a  range  of  only  5  or  6  degrees 
divided  into  tenths ;  (2.)  a  tube  with  a  side  limb, 
A  A' ;  and  (3.)  a  wide  test-tube  into  which  the  first 
one  fits,  so  as  to  (as  it  were)  jacket  it  with  air. 
The  whole  is  supported  in  a  wide  beaker,  in 
which  the  freezing  mixture  is  placed,  and  suitable  stirrers,  C  and  ?*,  pro- 
vided. The  first  thing  is  to  ascertain  the  freezing  point  of  a  known  weight 
of  the  solvent.  The  tube  with  side  limb  is  weighed  on  the  balance,  and 
then  about  20  grms.  of  the  solvent  are  introduced,  and  the  tube  with  its 

1  Analyst,  xx.,  p.  50. 

2  Pouret  {Bull.  Soc.  Chem.,  1899,  iii.,  xxi.,  788-740),  using  benzene,  found  for  pure 
butter  values  from  681  to  662  and  for  margarine  840  to  860.  He  also  found  15  per  cent, 
of  margarine  increased  the  molecular  weight  by  30-85  units. 

3  Analyst,  March,  1894. 


Fig.  39.— Cryoscopic 
Apparatus. 
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contents  again  weighed;  the  weight  subtracted  from  the  tare  gives  the 
amount  of  liquid.  Some  ice  and  salt  and  water  are  placed  in  the  beaker, 
and  the  whole  apparatus  arranged  as  in  the  diagram.  The  mercury  of  the 
thermometer  gradually  falls,  and  as  it  falls  both  stirrers  must  be  worked ; 
on  approaching  the  freezing  point  the  thermometer  becomes  for  a  moment 
stationary,  then  suddenly  rises,  and  then  becomes  stationary  to  again  fall ; 
when  it  last  becomes  stationary  is  considered  the  freezing  point  of  the 
liquid ;  the  tube  is  taken  out,  the  liquid  allowed  to  melt,  and  the  operation 
repeated  once  or  twice,  the  mean  of  the  determinations  being  taken.  Next 
from  *5  to  *8  grm.  of  the  butter,  or  other  fat,  is  dissolved  in  the  same 
liquid,  and  the  operation  again  repeated  ;  this  time  there  will  be  a  difference 
of  one  or  more  tenths  of  a  degree  in  the  freezing  point ;  it  will  be  lower 
than  when  operating  on  the  pure  substance ;  this  lowering  is  the  molecular 
depression.  The  molecular  weight  is  calculated  by  means  of  a  constant, 
which,  for  the  chief  solvents,  has  already  been  ascertained.  The  two 
solvents  applicable  for  butter  are  benzene,  for  which  the  constant  is  usually 
taken  as  49,  and  paraxylene,1  which  may  be  taken  as  43.  Of  the  two 
solvents,  paraxylene  is  much  to  be  preferred,  for  it  has  the  low  freezing 
point  of  about  16°  C.  and  the  high  boiling  point  of  136°  C. ;  hence,  although 
expensive,  it  is  readily  recovered  with  but  little  loss. 

The  senior  author  has  made  several  determinations  of  the  cryoscopic 
value  of  butter-fat ;  but  with  paraxylene  has  obtained  much  lower  values 
than  Garelli  and  Carano.  He  is  inclined  to  put  the  average  molecular 
weight  of  butter-fat  at  about  580. 

An  actual  example  of  a  cryoscopic  determination  with  paraxylene  will 
illustrate  the  above  remarks  : — 

Weight  of  paraxylene  taken,      .      .       .       19'505  grms. 
Weight  of  butter-fat  dissolved  in  the  above,        1  0784  ,, 
Depression  of  freezing  point,     .       .       .  0*41°. 

If  M  equals  the  molecular  weight,  C  the  constant,  G  the  per  cent,  of 
substance  dissolved,  and  t  the  depression,  then  the  molecular  weight,  M, 
is  found  from  the  equation — 

t 

In  the  above  example,  replacing  the  letters  by  the  experimental 
values — 


Summary. 

§  218.  From  what  has  been  said  the  analyst  will  have  no  difficulty  in 
distinguishing  normal  genuine  butter  from  margarine,  nor  will  he  have  any 
difficulty  in  detecting  the  presence  of  large  quantities  of  margarine  in 
butter.  Even  small  quantities  of  margarine  in  butter  may  be  detected 
if  the  analyst  has  full  information  as  to  the  breed  of  cow,  the  state  of 
lactation,  the  season  of  the  year,  nature  of  feeding,  etc.,  or  if  he  is  able 
to  obtain  a  genuine  sample  of  butter  from  the  same  source  within  a  reason- 
ably short  space  of  time  and  under  the  same  conditions.  If,  however,  he 
has  no  such  information,  as,  for  instance,  in  the  majority  of  samples  taken 

1  Paternoand  Montemartini,  Qazctta  Chimica  Italiana,  xxiv.,  ii,  p.  197. 
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only  getting  rid  of  the  whey,  but  also  of  giving  to  the  mass  shape  and 
consistency.  Cheese  may  be  made  from  sour  milk  without  the  addition  of 
rennet,  the  lactic  acid  precipitating  the  casein ;  but  most  of  the  cheeses  in 
commerce  are  made  from  fresh  milk.  Cheeses  may  be  divided  into  two 
varieties — the  soft  and  the  hard;  the  former  are  manufactured  by  pre- 
cipitating with  rennet  at  a  low  temperature,  and  using  but  little  pressure ; 
they  have  mostly  an  alkaline  reaction.  The  hard  cheeses  are  subjected  to 
a  higher  temperature  and  stronger  pressure,  and  have,  when  first  made,  an 
acid  reaction. 

§  221.  Soft  Cheeses. — Examples  of  soft  cheeses  are  cream  cheese, 
Neufchatel  (a  Swiss  cream  cheese),  fromage  de  Brie,  and  Camembert. 

Bard  Cheeses. — Examples  of  hard  cheeses  are  American,  Cheddar, 
Stilton,  Dunlop,  Gloucester,  and  others. 

The  general  composition  of  the  chief  cheeses  of  commerce  may  be 
gathered  from  the  following  table: — 


TABLE  XXII. — Composition  of  Cheese. 


Water. 

Ash. 

JNitrogen. 

Analysts. 

American  cheese,  mean  \ 

27  5 

4-1 

32-6 

4'54 

\  Chattaway,  Pearmain, 

nf  HIT  RAITITtlpjl  f 
A  TTlflTlPATl                       TTlftJlTI  1 

AJilvllvOU     vllvCo«|      llivllll  1 

of  two  samples,  •       .  J 

(        OtllU  ill  I/O r* 

27-2 

4*1 

32  1 

5*80 

A.  Wynter  Blyth. 

Camembert,  mean  of  two  j 
samples,    .      .      .  ) 

45  6 

4  25 

32  2 

3-63 

f  Chattaway,  Pearmain, 
\    and  Moor. 

Cheddar  (English),  mean  J 
of  three  samples,       .  ( 

Cheddar  (English),  mean  \ 
of  two  samples,  .      .  / 

4  1U 

no  .jr 

4*30 

Do.  Do. 

28-1 

3*34 

22*5 

7  3 

A.  Wynter  Blyth. 

Cheddar  (Canadian), 

33  3 

3-60 

30-6 

4-3 

J  Chattaway,  Pearmain, 
{     and  Moor. 

Cheshire,  mean  of  two  \ 
samples,    .      .  .J 

347 

4 'SO 

33  3 

4*1 

Do.  Do. 

Cheshire,  mean  of  six  \ 
samples,    .       .      .  J 

44  6 

4  61 

307 

4  6 

C.  M.  Blades. 

Cream  (double),  . 

67*6 

3'4 

89'3 

3*14 

1  Chattaway,  Pearmain, 
j    and  Moor. 

Cream  (York), 

68-1 

1-4 

6  5 

276 

Do.  Do. 

Dunlop, 

38-5 

3'8 

31*8 

4-1 

Johnstone. 

Dutch,  mean  of  two  \ 
samples,    .      .      .  f 

Gloucester(double),  mean  \ 
of  two  samples,  .      .  / 

39-6 

6*4 

11-5 

4'8 

J  Chattaway,  Pearmain, 

\    and  Moor. 

35  2 

4-8 

25-8 

47 

Do.  Do. 

Gloucester,  . 

358 

4-2 

21-9 

6-2 

Johnstone. 

Gloucester  (single), 

214 

4*1 

25  4 

77 

A.  Wynter  Blyth. 

Gruyere,  mean  of  five! 
samples,    .       .      .  J 

347 

3-8 

28*9 

4*9 

}  Payen,  Lindt,  and  C. 
1  Miiller. 

Gruyere,  mean  of  two  \ 

26  9 

4*2 

80*2 

47 

|  Chattaway,  Pearmain, 

samples,    .      .       .  J 
Fromage  de  Brie,  . 

\    and  Moor. 

51-9 

5-0 

24  8 

2  9 

A.  Wynter  Blyth. 

Neufchatel,  . 

37  9 

3*4 

41*3 

37 

Do. 

Parmesan, 

32-5 

6*2 

171 

6*9 

/  Chattaway,  Pearmain, 
\    and  Moor. 

Roquefort,  . 

29-6 

6*7 

30*3 

4'45 

Do.  Do. 

I  Skim  cheese, 

43*1 

6  2 

09 

77  . 

A.  Wynter  Blyth. 

Wensleydale, 

28-3 

37 

38-3 

4-3 

J  Chattaway,  Pearmain, 
{    and  Moor. 

§§  222-224.] 
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§  222.  Parmesan  Cheese  is  a  peculiar  cheese,  never  made  in  this  country, 
but  imported  from  Parma  and  elsewhere.  The  essential  points  in  the 
manufacture  are,  that  the  rennet  is  heated  to  about  46°#6  C.  (116°  Fahr.), 
and  an  hour  afterwards  the  milk  set  over  a  slow  fire  until  heated  to  about 
65° *5  C.  (150°  Fahr.).  These  operations  cause  the  curd  to  separate  in  hard 
lumps.  It  is  usually  coloured  with  saffron.  The  outer  crust  of  the  cheese 
at  the  end  of  fourteen  days  is  cut  off,  the  new  surface  varnished  with 
linseed  oil,  and  one  side  coloured  red.  It  is  a  very  dry  cheese,  with  a  large 
amount  of  casein,  and  only  a  moderate  percentage  of  fat. 

§  223.  Tlie  Ripening  of  Cheese. — The  complicated  changes  which  take 
place  in  cheese  during  ripening  are  not  fully  understood.  They  appear  to 
be  brought  about  (1)  by  micro-organisms,  (2)  by  enzymes,  (3)  by  chemical 
action.  During  ripening,  changes  take  place  both  in  the  proteids  and  in 
the  fat. 

Tlie  Cheese  Proteid  is  decomposed  into,  first,  albumoses  and  peptones, 
then  into  amines,  and  finally  into  ammonia.  Freudenrich,  Colin,  and  others 
held  the  opinion  that  bacteria,  especially  the  lactic  class,  were  the  chief 
agents  in  bringing  about  this  decomposition.  Chodat  and  Hofman  Bang 1 
have,  however,  shown  that  the  lactic  acid  producing  bacteria  have  no 
decomposing  action  on  the  cheese  proteid  even  after  it  had  been  partly 
dissolved  by  Tyrothrix.  The  lactic  acid  bacteria  undoubtedly  play  a  pre- 
liminary and  important  part  in  the  ripening  of  cheese,  but  the  splitting  up 
of  the  cheese  proteid  is  chiefly  brought  about  by  the  action  of  enzymes. 
These  enzymes  are,  according  to  Babcock  and  Kussell,  contained  in  the 
original  milk. 

The  Cheese  Fat  is  at  first  affected  to  a  very  small  extent,  but  subse- 
quently the  change  is  very  great  (Dwlaux),  the  glycerides  of  the  soluble 
fatty  acids  being  split  up  into  free  fatty  acids  and  glycerol,  but  subsequently 
the  oleic  acid  glyceride  is  attacked.  According  to  Karl  Windisch,-  these 
changes  in  the  fat  are  brought  about  by  micro-organisms,  the  ammonia 
produced  by  the  decomposition  of  the  proteids  also  acting  on  the  glycerides 
of  the  fatty  acids.    The  acids  produced  are  chiefly  non- volatile  fatty  acids. 

The  following  example  illustrates  the  changes  taking  place  in  the  cheese 
proteid : — 


§  224.  The  Analysis  of  CJieese. — The  chief  difficulty  in  the  analysis 
of  cheese  is  in  the  extraction  of  the  fat ;  one  method,  recommended  and 
used  by  the  American  chemists,  is  to  take  a  weighed  quantity  of  cheese, 
mix  it  intimately  with  anhydrous  copper  sulphate,  and  then  exhaust  it  in  a 
Soxhlet  tube  with  petroleum,  ether,  or  other  suitable  fat  solvent.  A  second 
method  is  to  rub  up  25  to  50  grms.  of  the  cheese  with  sand  or  gypsum, 
and  similarly  exhaust  with  ether  or  petroleum.  The  fat  in  cheese  may 
also  be  estimated  by  '  whirling. '  Chattaway,  Pearmain,  and  Moor  operate 
as  follows,  using  a  Leffmann  and  Beam  apparatus : — 2  grms.  of  cheese  are 
reduced  to  as  fine  a  division  as  possible,  transferred  to  a  small  dish,  and 
heated  in  the  water-bath  with  30  c.c.  of  concentrated  hydrochloric  acid 


l  Insoluble  nitrogen, . 
Cheddar,    six  Nitrogen  as  albumoses  and  \ 
months  old.  •  peptones,  J 

A.  Vivian.3         ,,  amides, 

,,  ammonia, 


Per  cent. 
3*18 


•86 
•09 


1  Ann.  Inst.  Pasteur,  1901,  xv.,  36-48. 

2  Chem.  Cenlr.,  1901,  L,  128-130. 

3  Wisconsin  State  Rep.,  1899,  179  186 
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until  dissolved.  The  mixture  is  poured  into  a  LefFmaun-Beam  bottle,  the 
dish  rinsed  with  the  hydrochloric  acid  and  fusel-oil  mixture  into  the  bottle, 
and,  finally,  enough  strong  hot  acid  added  to  fill  the  bottle  up  to  the  mark. 
It  is  then  '  whirled.'  The  Leftmann-Beam  bottles  are  graduated,  so  that 
ten  divisions  equal  1  per  cent,  by  weight  of  fat  in  the  15*55  grms.  of  milk 

15*55 

taken;  hence,  the  factor  to  be  used  is  -----  =  7  7. 

The  Werner-Schmid  method  will  also  be  found  satisfactory. 

The  water  in  cheese  is  best  estimated  by  extracting  the  powdered 
cheese  by  alcohol  and  ether,  and  drying  the  alcohol  ether  extract  and  the 
fat-free  solids  separately.  This  is  a  better  method  than  drying  the  solids 
in  the  ordinary  way,  which  will  be  found  in  many  cases  to  be  extremely 
tedious  and  inaccurate.  With  alkaline  cheeses  there  appears  no  other 
way  of  obtaining  the  amount  of  water  than  careful  neutralisation  of  the 
free  alkali  by  an  acid  before  dryiug.  The  sugar  must  be  determined  on 
the  principles  laid  down  at  p.  224 ;  the  lactic  acid  and  the  ash  on  the 
principles  laid  down  at  pp.  230  and  228. 

The  proteids  are  best  determined  by  subtracting  all  the  other  con- 
stituents from  100.  The  nitrogen  may  be  determined  by  KjeldahFs  process, 
but  the  percentage  of  nitrogen  contained  in  the  organic  nitrogen  compounds 
of  cheese  varies  from  15*8  in  the  original  cheese  proteid  to  7*73  in  tyrosine. 
Nitrates 1  arc  also  said  to  be  sometimes  present. 

If  a  further  examination  of  the  nitrogenous  compounds  contained  in 
the  cheese  is  required  in  order  to  judge  of  its  ripeness,  the  following  process 
may  be  employed : — 

Total  Nitrogen. — The  nitrogen  in  2  grms.  of  the  cheese  is  estimated 
by  Kjeldahl'8  method. 

Nitrogen  as  Ammonia.— b  grms.  of  the  cheese,  well  ground  up  with 
clean  sand,  are  mixed  with  200  c.c.  of  water,  barium  carbonate  is  added 
and  the  whole  distilled  into  standard  acid. 

Nitrogen  as  insoluble  proteids,  Albumoses,  Peptones,  ami  Amides. — 50 
grms.  of  the  cheese  are  well  ground  up  with  sand,  mixed  with  dilute  acetic 
acid,  boiled  and  filtered ;  the  filtrate  is  divided  into  two  parts ;  the 
total  nitrogen  is  determined  in  an  aliquot  portion  of  one  part;  the  per- 
centage of  nitrogen  found  deducted  from  the  total  nitrogen  gives  the 
nitrogen  as  insoluble  proteids.  To  the  other  portion  rendered  acid  with  dilute 
sulphuric  acid  (1:4),  phosphotungstic  acid  is  added  until  no  more  precipitate 
is  formed ;  the  liquid  is  filtered,  and  the  nitrogen  determined  in  an  aliquot 
portion  of  the  filtrate ;  the  nitrogen  found  represents  that  due  to  amides 
and  ammonia.  This  deducted  from  the  nitrogen  in  the  first  portion  gives 
the  nitrogen  as  albumoses  and  peptones. 

§  225.  Adulterations. — The  chief  adulteration  is  the  incorporation  of 
animal  fat — this  is  effected  as  follows : 2 — "An  emulsion  of  lard  is  made  by 
bringing  together  in  a  disintegrator  lard  and  skimmed  milk,  both  previously 
heated  to  140°  Fahr.  in  steam-jacketed  tanks;  the  disintegrator  consists 
of  a  cylinder  revolving  within  a  cylindrical  shell ;  the  surface  of  the 
cylinder  is  covered  with  fine  serrated  projections,  each  one  of  which  is  a 
tooth  with  a  sharp  point ;  as  this  cylinder  revolves  rapidly  within  its  shell 
the  mixture  of  melted  lard  and  hot  skimmed  milk  is  forced  up  in  the 

1  Leilmann  and  Beam,  "  Select  Methods  of  Food  Analysis,"  1901,  p.  240. 

2  U.S.  Dep.  of  Agriculture,  Ball.,  No.  13,  1887,  "Foods  and  Food  Adulteration," 
H.  W.  Wiley. 
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narrow  interspace  and  the  lard  becomes  very  finely  divided  and  most 
intimately  mixed  or  emulsionised  with  the  milk.  This  emulsion  consists 
of  from  two  to  three  parts  of  milk  to  one  of  lard ;  it  can  be  made  at  one 
factory  and  taken  to  another  to  be  used  for  cheese,  but  it  is  usually  run  at 
once  into  the  cheese  vat. 

"  In  making  the  cheese  a  quantity  of  this  emulsion,  containing  about 
80  lbs.  of  lard,  is  added  to  6000  lbs.  of  skimmed  milk  and  about  600  lbs. 
of  butter  milk  in  the  cheese  vat,  and  the  lard  that  does  not  remain  incor- 
porated with  the  milk  or  curd  (usually  about  10  lbs.)  is  carefully  skimmed 
off.  These  quantities  of  materials  yield  from  500  to  600  lbs.  of  cheese, 
containing  about  70  lbs.  of  lard,  or  about  14  per  cent.  About  half  of  the 
fat  removed  in  the  skimming  of  milk  is  replaced  by  lard." 

Hence,  the  fat  extracted  from  cheese  should  always  be  tested  by  the 
Valenta  test  and  by  the  Reichert-Wollny  process,  and  if  a  suspicious  result 
is  obtained,  it  must  then  be  analysed  in  the  same  way  as  butter.  In  such 
a  case  it  is  best  to  extract  the  fat  from  100  to  150  grins,  of  the  cheese, 
so  as  to  have  sufficient  for  the  various  methods  described  under  '  Butter.' 

According  to  G.  Fescctti  and  F.  (ihigi »  in  genuine  cheeses  the  Reichert- 
Wollny  number  exceeds  18.  Margarine  cheeses  give  values  below  15  and 
generally  below  6.  The  refractometer  value  (Zeiss)  of  genuine  cheese  lies 
below  478,5  at  35*  C,  and  for  margarine  cheese  above  48°,  but  these  fall 
during  ripening,  as  does  the  lteichert-Wollny  figure  and  to  a  less  extent 
the  saponification  number.  The  iodine  value2  first  decreases  and  then 
increases  during  ripening. 

Skim  Milk  Cheese. — Other  adulterations  of  cheese  which  have  actually 
been  found  are  not  numerous.  All  mineral  adulterations,  save  those  of  vola- 
tile metals,  must  be  looked  for  in  the  ash,  which  consists  normally  of  common 
salt,  alkaline,  and  earthy  phosphates.  Cheese  has  from  the  earliest  to  the 
present  time  been  coloured  by  vegetable  matters,  and  so  long  as  the  latter 
are  not  injurious,  such  addition  cannot  be  considered  as  adulteration. 

Thin  slices  of  cheese  should  be  examined  microscopically  after  dissolving 
out  the  fat,  etc.,  by  ether;  in  this  way  starches  and  vegetable  substances 
may  be  detected.  Arsenical  washes  and  lead  pastes  have  often  been  applied 
to  the  rind  to  prevent  the  attacks  of  the  fly.  As  this  part  is  habitually 
eaten  by  a  few  people,  it  is  necessary  to  examine  it,  especially  for  these 
metals,  and,  in  a  complete  investigation,  to  make  two  separate  analyses, 
one  of  the  rind,  and  the  other  of  the  substance  of  the  cheese. 

In  past  times,  a  few  isolated  instances  have  occurred  in  which  it  was 
found  that  the  manufacturers  of  cheese  had  mixed  preparations  of  arsenic 
with  the  cheese  itself  as  a  preservative : — e.g.,  such  was  the  case  in  the 
year  1841,  when  several  of  the  inhabitants  of  Chatillon  were  poisoned  by 
this  means.  In  1854,  the  same  thing  occurred,  and  a  Parisian  family 
suffered,  but  not  fatally  {Chevallier).  It  is  to  be  hoped  that  such  ignorance 
is  a  thing  entirely  of  the  past. 

Tyrotoxicon,  diazobenzol  C(,H5K,(OH),  has  been  discovered  by  Vaughan 
("Report  of  Michigan  State  Board  of  Health,"  1886)  in  a  cheese  which 
caused  the  illness  of  some  300  people  in  Michigan.  The  crystalline  sub- 
stance was  isolated  from  a  watery  extract  of  the  cheese  by  the  process 
detailed  on  pp.  504-505  of  Prisons,  by  A.  Wyntor  Myth.    3rd  edition. 

Whey. — After  the  removal  of  the  curd  from  milk,  a  1  whey  •  remains,  containing 

1  Cltcm.  Ccntr.,  1901,  i.,  673,  674. 

2  Karl  Windisch  (Chem.  Ccntr.,  1901,  i.,  128-1SQV 
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}  224.  Larl  it,  5r"^£.  *iaXj*£\  yAtfi  <A  tot,  iLe  fis  of  the  pii. 
ijuni  ******  V>  dev&er!  a*  the  from  particr^&r  pira  :f  ihe  pia — that  is, 
fhe  f*t  frw*  arv*x/i  U^e  kyin^y*,  acsi  frocc  p^rrj:tj?>iin :  but  the 
ew*w/«*  Ar/^ervsw*  hr/f  r**trj  ir*  Uri  La.*  •♦hroTni  it  ^  narkes  ptz-iat  from 
*fi  yiftvxm  of  the  amcca!,  &&d  the  term  *  lard '  proper!  j  be  restricted 

V»  faf,  fr/f/#  pfcrtknlar  put*.  On  the  other  h&£>i,  *  kaf-Lard 7  sboold  always 
101  fat  htffn  m\*t  the  taiiber*  eaTi  the  'leaf* — tha*  k.  :Le  pgritooram. 

The  Araerttarj  peeking  trade,  awarding  to  W*l*y.:  -render'  the  follow- 
ing variety*; — 

1,  Neutral  Ias'L — Fat  derived  from  the  leaf  of  the  pig  rendered  in  a 
fresh  state  at  *  temperature  of  from  40*  to  50*  C. :  this  lard  is  Dot  much 
exported,  hot  U  mainly  up  hi  the  mAnafaetare  of  ol eo-rftarzarine.  It 
**  aW*£  neutral* 

2,  tynAfA  lsxrdf  (JbtrifA  KfttU-rmder+A  L/ird. — This  is  lard  iL*de  from 
leaf  and  trimmings  only.  It  is  rendered  in  steam -jacketed  open  kettles, 
hence  )U  narsje, 

3,  Prttm  SUam  Isird. — This  is  apparently  pig-fat  rendered  by  steam 
from  all  or  any  portion*  of  the  animaL 

4,  A  I'm  quality  lard  made  from  the  4  ^ut*,'  by  which  term  the  hog 
packers  mean  the  whole  of  the  abdominal  viscera. 

It  is  obvk/nn,  therefore,  that  different  lard*  will  show  analytical  varia- 
tion*. 8]jaeth  ha*  made  Home  useful  observations  on  the  chief  analytical 
md  physical  distitjctions  of  lard  derived  from  various  portions  of  eight 
animal*     His  results  arc  as  follows :  — 


European  I^rdj. 

American  Lard*. 

1 

the  Iteck. 

Fstfrum 
the  Kidney. 

! 

Fat  from 
the  Leal. 

Fat 

from  the 
Head. 

Fat 

from  the 
Back. 

Fat 

from  the 
Leaf. 

fprnvhy  st  100* 
(**U'r  at  16"-  1;,  . 
M«ltin^-|K/jnt  of  fat,  . 

f  $        of  fatty  ttci/Jn, 

0-8607 
40  -0  „ 

0-8590 
48*12  „ 

0*8588 
4  4*  *5  C. 
42-9  „ 

•8632 

•8616 
... 

•8626 

hnlUu:  v*]iw  of  fat, 

,t        of  fatty  ficidH, 

60-58 
61*90 

52-60 
54-20 

53-  10 

54-  40 

65-9 

63  8 

61-4 

Kiwi  fatty  ittwU,  KOU  jht 
100  ^niiM. 
f!nK  an  olcdc 
iM'i<l  

0*54 
0-152 

0-58 
0*163  | 

1-28 
0-360 

'  U.K.  I)p[p.  of  Agriculture,  "  Food*  and  Food  AduttftuAiotC  W. 
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§  227.  TJie  Physical  Characterutics  of  Lard.—  Lard  possesses  a  pure 
white  colour  and  a  granular  texture.  The  specific  gravity  of  lard  at  40° '0  C. 
is  about  0*898 ;  at  100°  C.  about  0*861— that  is,  in  each  case,  water  at  15°  0  C. 
being  taken  as  1.  The  increase  in  density  for  each  degree  C.  is  00062. 
The  melting-point  of  lard  is  from  34° -0  to  48°  C. ;  Wiley,  for  American  lards, 
considers  a  wide  deviation  from  40°  C.  as  a  sign  of  impurity.  The  solidifying 
point  of  butcher's  lard  is  28°*6  to  29°  *9  C.  American  steam  lard  from  25°  to 
27°  C. 

A  better  test  is  the  solidifying  point  of  the  fatty  acids;  this,  in  the 
prime  steam  lards,  varies,  according  to  Wiley,  from  410,4  to  43° -0  C. ;  in 
other  lards  from  36° *9  to  46°  *6  C. ;  these  numbers  agree  fairly  well  with 
those  found  by  Gladding. 

The  refraction  of  lard  has  been  studied  by  Wiley,  using  an  Abbe's 
refractometer.  The  rate  of  variation  for  each  degree  of  temperature  was 
found  to  be  0*000288,  and  the  refractive  index  varies  inversely  as  the 
temperature.  The  refractive  indices  were  taken  at  various  temperatures 
between  30°  and  40°  C,  and  then  reduced  to  25°  C. ;  at  that  temperature  water 
had  a  refractive  index  of  1  '3300,  and  the  mean  number  for  pure  lard  was 
1*4620.  Zeiss'  butyro-refractometer  or  Jean's  oleo-refractometer  will  be 
found  preferable  to  Abbe's  instrument.  Cotton-seed  oil  may  be  detected 
with  certainty  by  this  means ;  it  may  also  be  used  as  a  corroborative  test 
in  the  case  of  beef  tallow.  The  following  table  gives  some  of  the  figures 
obtained : — 


European  lard, 

stearin,  . 
American  lard, 
Beef  tallow,  . 
,,    stearin,  . 
Cotton-seed  oil, 

,,  stearin, . 
Cocoa-nut  oil, 


Degrees  of  Oleo-  Butyro-Refracto- 
Kefractometer.  i   meter  at  40*  C. 
Jean.  Mansfeld. 


-12-5 
-10to-ll 
-4  to-11-5 
-16  to -17 

-84 
+  12  to  +  23 

+  25 

-54 


48-6  to  51*2 

M'4 
49*0 

61 -0 

S5-5 


Microscopical  Appearances  of  Lard. — If  forty  drops  of  melted  lard  are 
dissolved  in  10  c.c.  of  ether  and  allowed  to  cool,  crystals  are  soon  deposited, 
which  have  the  appearance  of  oblong  plates  with  oblique  terminals ;  these 
occasionally  occur  in  radiated  groups. 

Beef-fat,  on  the  other  hand,  always  forms  more  or  less  radiated  groups 
of  crystals,  and  the  individual  crystals  are  in  the  form  of  needles,  not 
plates  (see  Frontispiece).    Some  of  the  crystals  are  of  a  wavy  /  shape. 

This  test  must  not  be  taken  as  absolute  proof  of  the  presence  of  beef 
stearin,  as  liehner  and  Mitchell  have  shown1  that  the  form  of  the  crystals 
depends  entirely  upon  the  proportion  of  stearic  acid  contained  in  the 
sample.  Hehner  has  more  recently2  shown  that  in  pure  lards  containing 
a  high  percentage  of  stearic  acid  the  crystals  often  cannot  be  distinguished 
from  those  obtained  from  lard  largely  admixed  with  beef-fat. 

§  228.  Chemical  Churacteridics  of  Lard — Moisture  in  Lard. — Lard 
consists  of  the  glycerides  of  palmitic,  stearic,  and  oleic  acids,  and  also  a 

1  The  Analyst,  vol.  xxi.,  p.  328. 

2  The  Analyst,  vol.  xxvii,  p.  248. 
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imall  amount  of  linolin.  Hehner  has  obtained  stearic  acid  in  quantities 
vaiying  from  6  to  no  leas  than  24*91  per  cent  The  quantity  of  water  in 
lard  »  fractional ;  it  should  never  exceed  0*7  per  cent.  An  amount  of 
water  equal  to  1  per  cent  would  be  an  adulteration. 

ItuotuMe  Fatty  AcvU. — These  vary  from  93  to  95  per  cent. 

VfA/itile  Acvh. — The  volatile  acids  are  always  small  in  quantity.  If  a 
Keichert" Well ny  test  be  applied  and  5  grms.  be  saponified,  decomposed, 
and  distilled,  the  distillate  does  not  neutralise  more  than  0*5  c.c.  of  d.  n. 
soda.  Should  the  amount  of  volatile  acid  be  more  than  this,  it  is  a 
suspicious  sign. 

Saponification  Value. — This  has  been  stated  by  Koettstorfer  to  be 
equal  to  195*6  mgrms.  of  KHO,  by  Valenta  as  from  195*3  to  196  6,  and  by 
Wiley  as  varying  from  193*4  up  to  203*1  with  a  mean  value  of  198. 

Iodine  Number. — This  is  a  value  depending  on  the  amount  of  olein  in 
the  lard ;  it  rises  above  the  normal  when  lard  is  adulterated  with  oils  of 
larger  olein  content  and  sinks  below  the  normal  when  lard  is  mixed  with 
stearins,  having  a  small  iodine  absorption.  Mixtures  can  be  made,  however, 
which  will  pass  the  iodine  test. 

Unfortunately  the  normal  iodine  number  varies  much  in  the  fat  of  the 
pig  derived  from  different  parts  of  the  animal ;  compare,  for  instance,  the 
iodine  values  given  at  p.  310.  Wiley,  for  prime  steam  American  lards, 
gives  the  value  as  from  60*34  to  66*47  per  cent,  of  iodine  absorbed,  with  a 
mean  value  of  62*5;  Hubl  gives  a  mean  number  of  59;  Dieterich  from 
49 '9  to  63*8.  So  that  all  that  the  analyst  can  say  is  that  a  number  below 
about  49  or  higher  than  64  is  a  suspicious  sign.  Hehner  has  obtained  from 
a  lard,  melted  out  by  himself,  a  value  of  only  45*6. 

Another  method  is  to  separate  the  insoluble  fatty  acids,  and  as  in  Muter 
and  de  Koningh's  process  (already  described,  p.  297),  determine  the  iodine 
number  of  the  liquid  fatty  acids.  Pure  lard,  according  to  Muter,  yields  a 
liquid  fatty  acid  having  an  iodine  number  of  94 ;  cotton-seed  oil,  on  the 
other  hand,  has  an  absorption  under  the  same  conditions  of  136 ;  so  that  if 
the  iodine  number  is  above  94  adulteration  with  vegetable  oil  is  indicated. 
Muter's  iodine  number  of  94  must  not  be  considered  final,  for  Wallenstein 
and  Finck1  have  made  some  researches  on  the  liquid  fatty. acids  of  European 
lards,  and  give  the  iodine  number  as  from  93  to  96,  and  the  iodine  number 
of  the  liquid  fatty  acids  of  American  lards  as  high  as  from  103  to  106. 

The  Maumene  Test. — This  is  the  rise  of  temperature  when  a  definite 
quantity  of  an  oil  is  mixed  with  a  definite  quantity  of  strong  sulphuric 
acid.  The  drying  oils  examined  in  this  way  give  a  much  higher  temperature 
than  the  non-drying  oils.  Comparable  results  are  obtained  by  operating 
on  strictly  the  same  conditions.  These  conditions  are  to  use  the  same 
volumes  or  weights  of  oil  and  acid,  to  bring  the  two  to  the  same  initial 
temperature  before  mixing,  and  to  have  the  same  strength  of  acid.  This 
latter  may,  however,  not  be  essential  if  Thomson  and  Ballantyne's  sugges- 
tion be  adopted  of  referring  the  rise  of  temperature  obtained  with  50  grms. 
of  oil  and  10  c.c.  of  sulphuric  acid,  to  the  rise  of  temperature  which  50 
grms.  of  water  give  under  the  same  conditions;  the  rise  of  temperature 
with  the  oil,  divided  by  the  rise  of  temperature  with  the  water,  gives  a 
quotient  which  they  have  named  "specific  temperature  reaction."  This  in 
some  degree  meets  the  difficulty  of  testing  with  different  strengths  of  acids. 
The  best  method  of  bringing  about  a  temperature  reaction  after  Mau menu's 
method  is  as  follows : — 

i  Chem.  Zeit.t  1894,  1189. 


§  229.] 


LARD. 


313 


Sulphuric  acid  of  97  per  cent,  strength  is  poured  into  dry  stoppered 
bottles  of  small  capacity,  and  all  save  one  securely  protected  by  a  lute 
from  the  air.  The  analyst  can  now  get  his  standard  from  the  small  bottle 
in  use,  and  this  standard  will  hold  good  for  all  the  rest 

To  apply  the  principle  to  lard,  50  grms.  of  the  lard  ore  melted  in  a 
small  flask  and  kept  at  a  temperature  some  2°  or  3°  C.  above  the  melting- 
point,  by  standing  in  a  water-bath  kept  at  a  constant  temperature.  The 
small  bottle  of  sulphuric  acid  is  also  placed  in  the  same  water-bath,  and 
when  both  acid  and  melted  lard  are  equal  in  temperature,  10  c.c.  of 
sulphuric  acid  are  transferred  to  the  oil  at  the  same  moment  that  the 
flask  is  immersed  in  a  beaker  and  packed  with  cotton  wool ;  the  mixture 
is  then  well  stirred  with  the  thermometer  and  the  rise  of  temperature 
noted.  Such  various  degrees  of  heat  have  been  stated  that  it  would  bo 
unwise  to  rely  upon  any  published  statement,  but  a  standard  should  be 
made  by  operating  on  pure  lard;  under  these  circumstances  good  com- 
parative results  will  be  obtained.  For  example,  Engler  and  Rupp  found  a 
lard  giving  arise  of  temperature  of  31°  to  32°  C. ;  the  same  lard  with  10  per 
cent,  of  cotton-seed  oil  gave  a  reaction  of  34°  C. ;  with  20  per  cent,  cotton 
seed  oil,  40°  to  42°  C. ;  and  with  50  per  cent,  seed  oil,  58°  C.  In  all  cases, 
indeed,  the  same  operator  will  find  a  difference  between  the  temperature 
reactions  of  pure  lard  and  lard  mixed  with  oils  of  high  temperature 
reactions. 

Hehner  and  Mitchell1  have  proposed  to  treat  the  fat  with  bromine  and 
ascertain  the  rise  of  temperature.  1  grm.  of  the  oil  or  fatty  acid  is 
dissolved  in  10  c.c.  of  chloroform  in  a  test  tube  enclosed  in  a  vacuum 
jacket ;  1  c.c.  of  bromine  is  added,  and  the  rise  in  temperature  noted  by  a 
delicate  thermometer.  The  bromine,  oil,  and  solvent  must  all  be  at  the 
same  temperature  before  mixing. 

The  rise  of  temperature  of  10  samples  of  lard  gave  a  mean  number  of 
10o,7  C. ;  a  sample  of  lard  with  10  per  cent,  cotton  oil,  1 10,6  C. ;  cotton  oil, 
19° -4  C. ;  cod-liver  oil,  28°  C. ;  olive  oil,  15°  C. ;  butter,  7°  C. ;  by  multiplying 
the  number  of  degrees  by  the  factor  5*5  a  close  approximation  to  the  iodine 
number  is  obtained.    Thus  the  process  checks  a  Hubl  determination. 

§  229.  Adulteration  of  Lard, — The  chief  sophistication  of  lard  is 
the  admixture  of  beef  stearin,  either  alone  or  with  vegetable  oils,  especially 
cotton  seed  oil,  cocoa-nut  oil,  sesame*  oil,  or  maize  oil.  Cotton-seed  stearin 
has  also  been  used,  either  with  beef  stearin  or  alone.  Water  is  generally 
enumerated  as  an  adulterant,  but  the  wilful  addition  of  water  at  the 
present  time  is  rare. 

The  adulteration  of  lard  is  on  a  large  scale,  aud  great  ingenuity  has 
been  shown  in  devising  mixtures  which  will  pass  the  analytical  tests. 
Hence  the  analyst,  when  he  examines  a  suspicious  sample,  must  never 
condemn  on  one  test,  but  should  ascertain  what  are  the  chief  lard  constants 
before  he  pronounces  an  opinion. 

The  chief  analytical  values  of  the  different  adulterants  of  lard  are 
tabulated  in  Table  XXIII.,  from  which  the  following  facts  will  be 
apparent : — 

(a.)  Specific  Gravity. — All  the  adulterants  save  beef  stearin  raise  the 
specific  gravity  of  lard  ;  beef  stearin  is,  on  the  other  hand,  about  the  specific 
gravity  of  lard. 

(b.)  The  Solidifying'  or  Freezing-Point  of  the  Fat. — Cotton-seed  oil, 
arachis  oil,  sesame^  oil,  maize  oil,  and  even  cocoa-nut  oil,  have  all  lower 

1  Analyst,  July,  1895. 
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figures  for  the  freezing-point  than  lard ;  on  the  other  hand,  beef  stearin 
is  somewhat  higher,  so  that  a  10  per  cent,  admixture  of  beef  stearin  will 
have  but  little  effect  on  the  freezing-point  of  the  mixed  fat.  Cotton-seed 
stearin  also  may  have  the  same  freezing-point  as  lard. 

(c.)  The  Freezing-  or  Solidifying-Point  of  the  Fatty  Acids.— The  same 
remarks  apply  to  the  solidify ing-point  of  the  fatty  acids,  bat  here  another 
valuable  distinction  comes  in — viz.,  the  very  great  difference  between  the 
freezing-point  of  some  of  the  oils  and  fats  and  the  freezing-point  of  their 
fatty  acids ;  for  example,  pure  lard  giving  a  solidifying-point  of  25*  to  29°  C, 
the  fatty  acids  are  on  an  average  10°  to  15°  C.  higher ;  on  the  other  hand, 
cotton-seed  oil  as  compared  with  the  fatty  acids  will  show  30°  of  difference, 
while  maize  oil  and  cocoa-nut  oil  will  differ  but  to  a  slight,  often  inap- 
preciable, extent. 


TABLE  XXIII. — Chemical  and  Physical  Cosstajtts  of  La  ids  axd  somk 
Oils  used  for  the  Adulteration  of  Lard. 


Specific  Gravity. 
Water =1. 

Solidifying  Point. 

Insoluble  .Saponin* 
Acids.  cation. 

Iodine 

Maumene  , 
Thermal  1 
Teat.  | 

At  IS*. 

At  100*. 

Fat. 

.  Fatty 
Acids. 

Hehner 
VaL 

Mgrms. 
KOH. 

Value. 

lard, 

•861 

26-29' 

XT-AT 

940 

196 

590 

24*35  i 

Cottoo-tted  oil, 
AracMsoU,  . 
Sesame*  ofl,  . 
Main  oil, .  . 

•922--930 
•916--922 
"921--924 
-921--922 

•867--86B 

•8S4--869 
•b68-*871 
-86S--869 

orto-r 
-r  to-r 

-4' to-64 
-Wto-141 

2V-30 
18-22 
14'-ir 

96-0 
96*0 
96*0 
96-0 

191-196 
190-196 

188-  191 

189-  190 

100-117 
87-100 
103-112 
111-119 

75'-90' 
44--6T 

79*-S6" 
(Cocoa-nut 
1  olein 
2T-2T 

Cocoa-nut  oil, . 

■923 

•873 

i<r-ar 

16*-20 

88-0 

246-268 

8-9 

Beef  stearin 
(Ullow),  m  . 
Cotton -seed 
stearin,  . 

•94S--962 
•923 

-860 
•866- -867 

33"  to  48* 

4T-0 

36-0 

96*0 
96-0 

'  193-200 
195 

35-40 
89-93 

(  (Allen) 
48 

N.B.— Xone  of  the  abore  (tare  cocoa-nut  oil)  give  more  than  sufficient  rolatUe  acid  to  neutralise 
0*6  cc  of  d.  n.  soda  when  submitted  to  the  Reichert-Wollny  test.  Cocoa-nut  oil,  however,  gives  a 
definite  Reichert-Wollny  value  of  about  7  cc.  of  d.  n.  soda  for  5  grins,  of  the  fat 


(d.)  TJie  Insoluble  Acids. — These  acids,  save  perhaps  in  the  case  of 
cocoa-nut  oil,  are  of  little  value  to  determine,  all  the  oils  and  fats  in  the 
table  (save  cocoa-nut  oil)  yielding  approximately  the  same  amount  of  fatty 
acids. 

(e.)  Volatile  Acids. — A  Reichert-Wollny  determination  of  the  volatile 
acids  becomes  of  great  importance  when  cocoa-nut  oil  is  suspected.  A 
somewhat  low  content  of  insoluble  acid  and  an  appreciable  amount  of 
volatile  acid,  such  as  sufficient  to  neutralise  over  2  cc.  of  decinormal  soda, 
points  strongly  to  some  fat  like  cocoa-nut  oil,  containing  soluble  and 
volatile  fatty  acids. 

(/.)  The  Saponification  Value. — The  only  oil  in  the  table  that  is  likely 
to  raise  materially  the  saponification  value  is  cocoa-nut  oil. 

(g.)  Iodine  Value. — All  the  oils,  with  the  exception  of  cocoa-nut  oil, 
raise  the  iodine  value ;  on  the  other  hand,  the  stearins  generally  depress  it. 

(h.)  Maumene  Test. — Mixtures  of  either  cotton-seed  oil,  arachis  oil, 
sesame1  or  maize  oil,  raise  the  thermal  indications. 

Having  obtained  some  indication  of  adulteration  from  a  comparison 
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with  the  constants  above  enumerated,  the  results  will  have  to  be  confirmed, 
or  otherwise,  by  special  tests,  as  follows : — 

Special  Tests  for  Vegetable  Oils. — As  lard  is  wholly  animal,  and  as  there 
are  some  analytical  differences  between  animal  and  vegetable  fats  or  oils, 
the  sample  may  be  tested  as  follows : — 

Process  for  Detection  of  Phytosterol. — Salkowski1  was  the  first  to  show 
that  animal  fats  contained  cholesterin  only,  and  vegetable  fats  phytosterol. 
His  original  process  has  been  modified  and  improved  by  A.  Bonier2  and  others. 

50  grms.  of  the  fat  or  oil  are  saponified  by  means  of  alcoholic  potash. 
The  soap  is  heated  in  a  beaker  for  about  an  hour  on  the  water  bath,  then 
transferred  to  a  large  separating  vessel  provided  with  stopcock  and  stopper. 
200  c.c.  of  water  are  added,  and  the  liquid,  when  cool,  shaken  up  with 
500  c.c.  of  ether.  The  ether  is  separated  from  the  soap,  which  is  again 
treated  with  200  to  250  c.c.  of  ether.  The  ether  is  recovered  by  distillation. 
The  ether  extract  is  dried  and  obtained  alcohol  free  by  heating  on  the 
water  bath  and  again  saponified  by  alcoholic  potash,  and  the  process 
repeated  on  a  small  scale,  as  above.  The  ultimate  product  is  dissolved  hi 
hot  alcohol  (absolute)  and  allowed  to  crystallise.  Cholesterin  usually 
crystallises  in  rhombic  plates,  phytosterol  in  fine  needles.  In  cases  of 
adulteration,  however,  both  cholesterin  and  phytosterol  will  be  present. 
Cholesterin  melts  at  148°  4  to  150°'8,  phytosterol  from  138°-0  to  143°  8  C. 
A  mixture  of  cholesterin  and  phytosterol  (1:3)  melts  at  135°-136°,  while 
one  part  of  phytosterol  to  three  parts  of  cholesterin  melts  at  144°  to  144°*5 ; 
other  mixtures  follow  more  closely  the  calculated  mean  melting  points  of 
mixtures. 

Besides  the  microscopical  appearances  and  the  melting  point  there  are 
a  few  special  tests  for  cholesterin.  The  crystals,  dissolved  in  acetic  acid, 
and  after  the  addition  of  a  small  lump  of  zinc  chloride,  warmed  with  acetyl 
chloride,  give  a  red  colour  with  green  fluorescence  (L.  Tschugaern).8 

A.  Bbmer  now  prefers  to  change  the  ultimate  crystals  into  their  acetic 
esters.  The  dry  crystals  are  heated  with  acetic  anhydride  in  a  covered 
watch  glass  for  a  few  seconds  to  boiling,  the  unused  anhydride  got  rid  of 
by  evaporating  over  the  water  bath,  and  crystallisation  effected  from 
absolute  alcohol.  The  acetic  ester  of  cholesterin  melts  at  from  1 14°*3  to 
114°-8  C,  phytosterol  at  125°6  to  137°0  C. 

Bbmer  has  worked  out  the  melting  points  of  the  esters  of  artificial 
mixtures  in  per  cent,  of  the  plant  oil  or  fat  added  as  follows: — 

117-118°,  1  to  2  per  cent,  vegetable  oil  added. 

120-121°,  2  to  3      „  „ 

123-125°,  3  to  4  „ 
Wei  man*  s  Colour  Test. — 1  grm.  of  the  melted  lard  is  dissolved  in  5  c.c. 
of  chloroform  in  a  test  tube,  and  agitated  with  2  c.c.  of  a  freshly  prepared 
solution  of  phospho-molybdic  acid,  or  of  sodium  phospho-molybdate  and  a 
few  drops  of  nitric  acid.  After  standing  for  a  short  time  the  chloroform 
layer  remains  colourless ;  the  upper  layer,  in  the  case  of  animal  fats  or  oils 
generally  (cod-liver  oil  excepted)  also  remains  colourless  ;  but  if  the  lard  is 
mixed  with  a  vegetable  oil,  or  if  it  is  rancid,  a  green  colour  appears  in  the 
upper  layer.  On  alkalising  with  ammonia,  the  green  colour  changes  into 
blue.  This  colour  test  muse  not  be  too  much  relied  upon,  but  it  is  useful 
as  a  preliminary  test. 

1  ZeitaeJirifl  f.  anal.  Chemie,  xxvi.  557. 

2  Zeitackrift  f.  Untersuchung  d.  Nahrnny*-  v.  Gcnu$i*inittcl ,  i.  21,  81,  582,  559. 
1  Ibid.,  iv.  974. 
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Linoleic  Add. — This  acid  is  stated  by  Benedikt  and  Hazura  not  to  be 
contained  in  lard.  It  is  a  constant  constituent  of  vegetable  oils.  The 
method  of  detection  is  based  upon  oxidising  it  into  sativic  acid,  a  crystalline 
acid  insoluble  in  cold  water,  ether,  benzene,  and  carbon  disulphide.  On 
the  other  hand,  Fahrion  states  that  he  has  obtained  sativic  acid  from  pure 
lard;  therefore  there  is  at  present  some  doubt  in  the  matter.  Hence, 
until  the  point  is  definitely  settled,  attempts  to  separate  sativic  acid  will 
not  be  of  great  utility. 

Special  Tests  for  Cotton-seal  Oil,  Sesame  Oil,  A  rack  is  Oil,  and  Maize 
Oil. — These  are  fully  detailed  in  the  article  on  Olive  Oil,  to  which  the 
reader  is  referred.  It  must  be  remembered  that  lard  made  from  animals 
fed  on  cotton-seed  cake,  etc.,  may  give  faint  indications  of  cotton-seed  oil. 

Detection  of  Beef  Stearin. — By  far  the  best  method  is  one  worked  out 
by  Stock,  who  prepares  two  sets  of  mixtures.  The  one  mixture  consists  of 
lard  melting  at  from  34°  to  35*  C,  mixed  with  5,  10,  15,  and  20  per  cent,  of 
beef-fat — melting-point,  56°  C.  A  second  mixture  is  prepared,  also  of  pure 
lard,  but  with  a  higher  melting-point — viz.,  39°  to  40°  C. — and  mixed  with 
similar  proportions  of  beef-fat,  the  beef-fat  having  a  lower  melting-point — viz., 
50°  C.  The  melting-point  of  the  sample  under  examination  is  taken  by  the 
capillary  tube  method,  and,  according  as  to  whether  it  has  a  high  or  a  low 
melting-point,  the  first  or  the  second  series  of  comparison  mixtures  is  used. 
3  c.c.  of  the  melted  fat  are  run  into  a  graduated  stoppered  tube  of  25  c.c. 
capacity  ;  21  c.c.  of  ether  are  added,  and  the  fat  dissolved  at  a  temperature 
of  20°  to  25°  0. ;  3  c.c.  of  each  of  one  of  the  sets  of  mixtures  are  treated  in 
precisely  the  same  way.  The  five  cylinders  are  cooled  down  to  13°  C,  and 
kept  approximately  at  that  temperature  or  a  little  lower  over-night.  The 
volume  of  crystals  in  each  case  is  noted,  and  an  approximate  estimate  in 
this  way  obtained.  The  ether  is  poured  off  as  completely  as  possible,  and 
10  c.c.  of  ether  added  at  13°  C.  The  cylinders  are  again  shaken,  and  allowed, 
as  before,  to  deposit.  Finally  the  content  of  crystals  is  weighed,  and  this 
weight  compared  with  the  weight  of  the  crystals  of  known  composition. 
Stock  found  that  with  regard  to  lards  melting  below  39°  C,  no  sample  yielded 
(under  the  above  conditions)  more  than  11  mgrms.  Samples  of  higher 
melting-points,  such  as  45°  8  C,  might,  however,  yield  as  much  as  146 
mgrms.  The  crystals  are  carefully  examined  by  the  microscope.  In  the 
case  of  mixtures,  intermediate  characters  between  the  crystals  of  pure  lard 
(Frontisjriece)  and  beef  fat  (Frontispiece)  will  be  obtained,  and  in  a  good 
many  cases  the  chief  crystalline  form  will  he  that  of  beef  crystals.  The 
process,  when  combined  with  chemical  data  supporting  the  suspicion  of 
admixture,  is  without  doubt  of  great  value,  but  requires  experience. 

Lanlerine. — There  are  some  mixtures  in  the  market  sold  honestly  as 
such  under  various  fancy  names ;  one  examined  by  Mr.  Bodmer  gave  the 
following  figures : — 


Melting-point,  . 
Specific  gravity  at  38° '5,  . 
Reichert  test  2-5  grrns., 
Temperature  reaction  (Maunicne), 
Iodine  absorption, 
Saponification  figure, 
Saponification  equivalent,  . 
Nitrate  of  silver, 
Crystallisation  from  ether,  . 
Ether  deposit  (Stock's  process),  . 
Oleo-refractometer,  . 


38°  "0  C 

0*9105  (  =  0-8724  at  100°). 
1*00  c.c  d.  n.  baryta. 
48°  C. 

65*6  per  cent. 

201  #8  mgrms.  KHO. 

2777. 

Much  reduction. 
Beef  crystals. 
37  mgrms. 
6°. 
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Mr  Bodmer  considered  the  sample  to  probably  contain  10  per  cent,  beef  stearin,  25  cocoa* 
fat,  45  cotton-seed  oil,  20  per  cent,  lard.1 

Since  the  above  is  a  typical  case  of  adulterated  lard,  it  may  be  useful 
to  examine  the  figures  in  detail.  First,  the  melting-point  affords  no 
indication  of  impurity.  The  specific  gravity  is  higher  than  usual,  and  is 
suspicious.  The  Keichert  test  gives  decided  indications  of  more  volatile 
acid  than  in  lard,  and  in  itself  points  clearly  to  cocoa  oil ;  the  saponification 
figure  is  fairly  high,  but  not  beyond  genuine  lards. 

The  iodine  number,  although  not  very  high,  is  yet  higher  than  in  the 
majority  of  genuine  lards ;  Bechi's  nitrate  of  silver  gave  a  decided  reaction 
indicative  of  cotton-seed  oil ;  lastly,  beef  stearin  crystals  were  discovered, 
and  the  ether  deposit  weighed  37  mgrms.,  which  for  a  lard  of  38°  melting- 
point,  according  to  Stock,  is  never  found  in  genuine  samples.  Hence  the 
diagnosis  of  a  mixture  of  beef  stearin,  cotton-seed  oil,  cocoa  oil,  and  lard 
is  perfectly  justified,  and  the  only  thing  open  to  doubt  is  the  quantities 
which  have  been  assumed  to  be  present. 

As  there  are  considerable  variations  in  the  composition  of  genuine  lard, 
all  calculations  of  the  amount  of  the  fats  or  oils  entering  into  the  mixture 
are  liable  to  error. 

1  Analyst,  1895. 
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TEA. 

§  230.  Varieties  of  Tea. — Tea  is  the  dried  leaf  of  different  species  of 
Thea,  a  section  of  the  genus  Camellia.  The  botanical  varieties  do  not 
appear  to  be  numerous.  Thea  Bohea,  T.  viridis,  and  T.  sinensis,  all  Chinese 
plants,  Thea  Assamica,  indigenous  to  Assam,  and  one  or  two  hybrids,  are 
the  principal  plants  from  which  the  numerous  teas  of  commerce  are  derived. 
The  difference  depends  on  the  selection  of  young  or  old  leaves,  and  special 
treatments  in  drying  and  otherwise  preparing  the  leaf,  rather  than  on 
essential  botanical  variation. 

The  varieties  of  tea  imported  into  this  country  are  extremely  numerous ; 
but  seldom  does  any  one  of  them  reach  the  consumer  unmixed,  for  the 
wholesale  tea  merchants  carefully  improve  their  teas  by  '  blending.'  The 
most  common  sorts  are — Gunpowder,  Hyson,  Congou,  Capers,  and  Indian 
tea.  Of  these,  the  Gunpowder  and  Hyson  are  dried  at  a  higher  temperature 
than  the  others,  and  contain  less  hygroscopic  moisture.  The  Capers  may 
be  generally  told  by  the  leaves  being  rolled  up  into  little  lumps  with  starch 
or  gum ;  as  a  class,  they  are  much  adulterated,  and,  in  fact,  can  hardly  be 
called  genuine  tea. 

Besides  these,  there  are  a  number  of  special  teas,  some  of  a  very  high 
price,  and  imported  in  a  state  of  great  purity;  but  such  teas  are  used 
almost  entirely  for  mixing  or  blending.1  They  are  known  under  the  names 
of  Moyone,  Moyono  gunpowder,  Oolong,  Mannuna  Kaisow,  scented  Pekoes, 

1  In  Cooper's  travels  ("  Travels  of  a  Pioneer  of  Commerce,"  by  T.  T.  Cooler,  London, 
1871),  there  is  an  interesting  account  of  the  brick  tea  used  in  Thibet,  some  of  which  may 
find  its  way  to  Russia,  but  none,  probably,  to  this  country.  It  is  the  staple  produce  of 
the  city  and  district  of  Yatzow,  and  the  tree  from  which  it  is  pre{>ared  attains  not  un- 
frequently  the  height  of  15  feet  It  has  a  large  coarse  leaf,  and  is  cultivated  with  little 
care,  growing  along  the  borders  of  fields  and  homesteads.  There  are  three  qualities  of  the 
tea :  the  first  is  gathered  in  June  and  July,  when  the  leaf  is  about  an  inch  long.  It  is 
spread  out  in  the  sun  to  dry  slightly,  then  rolled  in  the  hand  until  the  sap  begins  to 
exude,  and  when  in  this  state  made  up  into  balls,  and  laid  on  one  side  to  ferment  After 
fermentation,  it  is  pressed  into  wooden  moulds,  and  dried  by  charcoal  fires.  The  bricks 
on  their  removal  from  the  moulds  are  enveloped  in  yellow  paper  covers,  bearing  a 
Government  stamp  and  the  trade  mark  of  the  exporter,  and  then  they  are  packed  in 
baskets  four  feet  long,  made  of  the  thin  strips  of  tne  bamboo.  The  bricks  thus  packed 
form  a  '  packet  of  tea,'  and  weigh  about  20  lbs.  ;  at  Lhaasa,  this  quality  of  tea  sells  for 
4s.  8d.  per  lb.  The  second  variety  consists  of  the  older  and  yellower  leaves  which,  when 
exported  to  Lethang  and  Bithang,  sell  for  Is.  6d.  per  lb.  The  third  variety  is  merely 
chopped  twigs  stuck  together  by  rice  water,  and  is  only  used  in  the  neighbourhood  of 
Ta-tsian-too,  where  it  is  sold  at  9d.  per  lb. 
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Indian  Souchong,  Assam,  Java,  etc.  The  names  by  which  the  teas  of 
commerce  are  most  familiar  to  the  public  are  simply  'green'  and  'black/ 
which  differ  merely  in  accordance  with  the  method  of  preparation  followed. 
Green  tea  is  pro]xired  from  young  leaves,  which  are  roasted  over  a  wood 
fire  within  an  hour  or  two  after  being  gathered.  The  black  tea  leaves,  on 
the  other  hand,  are  allowed  to  lie  in  heaps  for  ten  or  twelve  hours  after 
they  have  been  plucked,  during  which  time  they  undergo  a  sort  of  fermenta- 
tion ;  the  leaves  then  pass  through  certain  processes,  and  are  slowly  dried 
over  charcoal  fires. 

§  231.  Structure  of  tlie  Tea  Leaf. — The  border  is  serrated  nearly,  though 
not  tjuite,  up  to  the  stalk  (see  fig.  40).  The  primary  veins  run  out  from 
the  midrib  almost  to  the  border,  and  then  turn  in,  so  that  a  distinct  space 
is  left  lietween  them  and  the  border. 


Fro.  40.  Fio.  41. 


A  section  through  a  tea-leaf  is  difficult  to  make  successfully;  but  when 
this  is  accomplished,  it  will  be  seeu  that  the  upper  and  lower  epidermis  are 
very  similar  in  thickness  and  structure,  both  being  formed  of  a  single  row 
of  oblong  thick-walled  cells,  the  upper  epidermal  layer  being  also  covered 
with  a  cuticle. 

The  mesophyll,  or  parenchyma  of  the  leaf,  contains  two  kinds  of  cells, 
the  ouo  being  a  very  regular  single  or  double  row,  filled  with  chlorophyll, 
just  beneath  the  upper  epidermal  layer,  whilst  a  spongy  parenchyma,  con- 
taining large  spices,  occupies  the  rest  of  the  leaf-thickness.  There  are  also 
cells  containing  crystals,  and,  lastly,  there  are  the  peculiar  structures  called 
'  idioblasts '  (see     tig.  41). 

Idioblasts  are  long,  tough,  tenacious,  branched  cells,  which  seem  to  act 
as  pillars,  or  beams,  keeping  the  two  layers  of  the  leaf  apart ;  they  do  not 
occur  iu  any  other  leaf  with  which  the  tea-leaf  is  likely  to  be  confused,  so 
that  their  presence  would  indicate  tea,  their  absence  would  point  to  foreign 
leaves.    \  very  convenient  method  of  detecting  idioblasts  is  given  by 
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Moeller1 : — Small  fragments  of  the  leaf  are  warmed  in  a  very  strong  solu- 
tion of  caustic  potash,  and  then  placed  under  the  thin  covering  glass  and 
pressed  firmly  (see  fig.  41). 

The  surface-view  of  the  leaf  is  different  on  the  two  sides ;  the  upper 
surface  consists  of  small  (  05  mm.)  cells,  with  wavy  crumpled  contours ;  the 
under  surface  has  larger  cells  (*07  mm.)  of  irregular  wavy  outline,  and 
studded  over  with  numerous  Btomata,  formed  of  two  reniform  cells,  of  «n 
average  length  of  -00075  inch  and  breadth  of  -000588  inch. 

The  hairs  of  tea  are  very  characteristic,  but  not  constantly  found ;  they 
disappear  from  old  leaves,  but  the  under-surface  of  young  leaves  is  always 
thickly  beset  with  them.  The  hairs  are  1  mm.  long  and  about  *015  mm. 
broad  (see  b,  fig.  41). 

§  232.  CJiemical  Composition  of  Tea. — The  constituents  of  tea  are — 
Essential  oil,  theine,  Itolieic  acid,  quercetin,  tannin,  querci-tannic  acid, 
<jallic  acid,  oxalic  acid,  gum,  chlorophyll,  resin,  tcax,  albuminous,  woody,  and 
colouring  matter's,  and  ash.  The  essential  oil  of  tea  varies  from  0*6  to  1 
per  cent.  It  is  citron-yellow,  lighter  than  water,  has  a  strong  odour  of  the 
tea  plant,  solidifies  easily  by  cold,  and  resinifies  on  exposure  to  air.2 


Theine,  Caffeine,  C8H10N4O2  (      CO  C-N(CH,)\      J. — A  crystalline 


substance  identical  with  1,  3,  7 — trimethylxanthin — and  therefore  belonging 
to  the  uric  acid  group  of  organic  compounds ;  it  can  be  synthetically 


Fio.  42.  —Epidermis  of  Tea  Leaf,  x  300.    a,  under,  h,  upper  surface. 

formed  by  replacing  in  a  methyl  group  the  H  of  the  NH  of  theophyllin. 
It  was  first  separated  in  an  impure  condition  by  Runge,  from  coffee  berries, 

1  Mikroskopie  der  Nahrvnga-  u.  Genussmtitel.    Berlin,  1886. 

9  A  fixed  oil,  serving  many  purposes  in  China,  is  extracted  from  the  seeds  of  the  tea 
plant  It  is  citron-yellow,  specific  gravity  0*927,  and  is  composed  of  one  part  of  stearin 
and  one  of  olein. 
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in  the  year  1820.  It  was  found  by  Corput  and  Stenhouse  also  to  be  a 
constituent  of  the  leaves  of  the  coffee  tree.  Oudry  in  1827,  finding  it  in 
various  species  of  tea,  named  it  '  Theme,'  and  Oudry's  *  Theine '  Mulder 
and  Jobst  showed,  in  1838,  to  be  identical  with  caffeine.  The  alkaloid  has 
also  been  discovered  in  guarana,  mate*,  "and  the  kola  nut,  by  Martius,  Sten- 
house, and  Attfield  respectively. 

Theine  crystallises  from  an  aqueous  solution  with  1  molecule  of  water ; 
from  ether,  in  an  anhydrous  state.  It  sublimes  in  minute  dots  at  78°*8  C, 
in  crystals  at  79°*4  C.  (175°  Fahr.),  and  above.1  The  sublimate  consists  of 
microscopic  needles  :  that  which  is  first  produced  is  of  extremely  tine,  light 
elements;  after  a  little  time,  at  such  temperatures  as  120°,  the  crystals 
become  longer  and  larger.  The  melting-point  of  theine  is  somewhere 
between  177°  and  228°  C.  Theine  possesses  a  slightly  bitter  taste,  but  is 
without  odour.  According  to  a  recent  research,  the  solubility  of  theine  in 
different  solvents  is  as  shown  in  Table  XXIV. 

TABLE  XXIV.— Solubility  of  Theine. 


Chloroform. 
Alcohol  of  85  per  \ 
cent,     .       .  J 
Water, 

Absolute  alcohol, 
Commercial  ether, 
Carbon  bisulphide, 
Purified    anny  -  \ 
drous  ether,   .  J 
Light  petroleum, 


2-51 
1-47 

0-21 


12-97 

2-30 

1-35 
0-61 
0-19 
0-0585 

0*0437 

0-025 


Coefficient 
of  Solubility  at 
16°  to  ir. 


2 

e 


1/40 
1/68 

1/476 


1/772 

1/44-4 

1/74-2 
1/164*7 
1/526 
1/1709 

1/2288 

1/4000 


100  grms.  of 
Solvent  at  the 
boiling  point 
dissolved  of 
Theine. 


4973 


19*02 


45*55 
3*12 
0-454 

0-36 


Coefficient  of 
Solubility  at  the 
boiling  point. 


1/2-01 


1/5*25 


1/2-19 

1/32 

1/220 

1/277 


Theine  forms  numerous  salts  of  definite  composition — the  hydro- 
chlorates,  CgHjp^Og,  HC1  and  C8H]0N4O2,  2HC1;  a  platinum  compound, 
C8H10N4O2,  HCl,  PtCl2;  a  chloride  of  gold  compound,  C8H10N4O2,  HC1, 
AuCl3 ;  a  chloride  of  mercury  compound,  C8H10N4O2,  2HgCl ;  an  argentic 
nitrate  compound,  C8H10N4O2,  AgNOa,  and  many  others.2  Some  of  these, 
such  as  the  silver  compound,  separated  from  a  concentrated  watery 

1  The  subliming  point  given  by  Pelouze,  178°  C,  and  by  Mulder,  184-7°  C,  must  have 
been  obtained  by  extremely  faulty  methods.  If  a  little  theine  is  placed  between  two 
watch-glasses  on  the  water- bath,  the  almost  instantaneous  rise  of  crystals  to  the  upper 
glass  will  at  all  events  show  that  the  subliming  point  is  below  100°  C.  See  "  Tempera- 
ture at  which  the  Alkaloids  Sublime,"  by  A.  Wynter  Blyth,  Journal  of  Chemical 
Society,  1878. 

2  The  salts  with  hydrochloric,  hydrobromic,  and  sulphuric  acids  are  decomposed  by 
water.  The  sulphate  crystallises  with  difficulty,  the  hydrobromide  well.  Theine  forms 
compounds  with  sodium  acetate,  citrate,  sulphate,  chloride,  benzoate,  cinnamate,  and 
salicylate.  Theine  gives  no  precipitate  with  potassium  mercuric  iodide,  and  it  has  a 
neutral  reaction.    See  Tanret.,  J.  Pharm.  Chtm.  [5],  v.,  591-595. 
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solution,  and  the  mercury  compound,  almost  insoluble  in  ether,  and 
capable  of  being  dried  at  100°  C,  might  possibly  be  of  use  in  the  estimation 
of  theine. 

Theine  is,  in  large  doses,  a  poison.  Frerichs,  C.  J.  Lehmann,  Husemann, 
and  others,  have  made  themselves  the  subject  of  experiment.  Lehmann, 
after  taking  *5  grm.,  suffered  from  frequency  of  the  pulse,  irritation  of 
the  bladder,  cerebral  excitement,  slight  hallucinations,  and,  lastly,  desire 
to  sleep.  Husemann  took  '25  grm.  with  somewhat  similar  symptoms. 
Pratt,  with  subcutaneous  injections  of  from  '12  to  '8  grm.,  suffered  from 
symptoms  rather  different  from  the  foregoing ;  *3  grm.  lessened  the  pulse 
and  caused  sleeplessness ;  '4  to  '5  grm.  quickened  the  pulse,  and  caused  a 
desire  for  frequent  micturition,  but  no  dilation  of  the  pupil ;  -8  grm. 
caused  great  uneasiness  and  anxiety,  trembling  of  the  hands  and  arms, 
bo  that  he  was  unable  to  write,  and  later  a  restless  sleep,  with  continual 
dreaming.  In  opposition  again  to  all  these  statements,  is  that  of  the 
late  Mr.  Cooley,1  who  is  said  to  have  taken  20  grains  (1*29  grms.)  of  pure 
theine  every  day  for  a  month  without  experiencing  any  other  symptom 
than  some  slight  elevation  of  spirits.  According  to  Straucb,  the  least 
fatal  dose  for  cats  is  '25  grm.,  a  quantity  which  killed  a  cat  in  thirty-five 
minutes.  In  all  experiments  on  animals  there  has  been  increased  frequency 
of  the  heart's  action,  and  repeated  emptying  of  the  bladder  and  intestine. 
No  case  of  poisoning  in  the  human  subject  appears  to  be  on  record. 
When  given  to  animals  it  has  been  chemically  separated  from  the  blood, 
urine,  and  bile. 

Tests  for  Tlieine. — Concentrated  sulphuric  and  nitric  acids  dissolve 
theine  in  the  cold  without  the  production  of  colour.  If  the  alkaloid  is 
treated  with  fuming  nitric  acid,  and  evaporated  to  dryness,  the  reddish- 
yellow  residue  becomes,  when  moistened  with  ammonia,  of  a  splendid 
purple-red  colour.  If  a  solution  of  theine  be  evaporated  with  chlorine 
water  in  a  watch-glass,  a  red-brown  residue  is  obtained,  which  on  cooling, 
and  exposure  to  the  vapour  of  strong  ammonia,  becomes  purple-violet. 
The  chief  precipitants  of  theine  are  — phospho-molybdic  acid,  yellow 
precipitate ;  iodine  with  potassic  iodide,  dirty  brown  precipitate ;  chloride 
of  platinum,  yellow  hair-like  crystals,  insoluble  in  cold  hydrochloric  acid, 
slowly  separating ;  chlorides  of  gold,  mercury,  and  nitrate  of  silver  also 
give  precipitates. 

Bohtic  Acid,  C71I10()0,  was  first  separated  by  Rochlcder  in  1847,2  from 
the  leaves  of  Tliea  sinensis.  The  hot  watery  decoction  of  tea  is  precipitated 
whilst  boiling  by  sugar  of  lead,  filtered,  the  filtrate  neutralised  by  ammonia, 
the  resulting  precipitate  collected,  suspended  in  absolute  alcohol,  and 
freed  from  lead  by  SH.2 ;  the  filtrate  from  the  lead  precipitate  is  evaporated 
to  dryness  in  a  vacuum,  and  purified  by  re-solution  in  water,  etc.  It 
is  a  pale  yellow  amorphous  powder,  melting  at  100°  C.  into  a  tenacious 
mass,  and  decomposing  at  common  temperatures  if  exposed  to  the  air. 
It  is  soluble  in  all  proportions  in  water  and  alcohol,  is  coloured  brown 
(but  not  precipitated)  by  chloride  of  iron,  and  forms  for  the  most  part 
amorphous  salts  insoluble  in  water. 

Quercitannic  Acid,  C38H80Ol7,  first  discovered  by  Chcvreul  and  Brandt 
in  the  Quercus  tinctoria,  and  stated  by  Hlasiwctz  to  be  in  tea  leaves,  can 
be  crystallised  from  an  aqueous  solution.  It  forms  sulphur  or  chrome- 
yellow  microscopic  tables,  containing  3  molecules  of  water,  part  of  which  is 

1  Vide  Cooley's  "  Dictionary  of  Practical  Recipes, "  Art,  Caffeine. 
3  Rochleder:  Ann.  Chem.  Pharm.}  lxiii.,  202. 
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expelled  at  100°,  the  rest  at  from  165°  to  200°  C.  Its  reaction  is  neutral, 
and  it  is  without  odour,  but  has  a  marked  bitter  taste  when  in  solution. 
It  melts  at  from  160°  to  200°  C.  to  a  resinous,  amorphous  mass.  Its  solu- 
bility is  as  follows : — Gold  water  2485,  boiling  143 ;  cold  absolute  alcohol 
23*3,  boiling  3*9 ;  ether  dissolves  it  slightly,  warm  acetic  acid  copiously. 
Sugar  of  lead  precipitates  almost  completely;  the  precipitate  is  soluble 
in  acetic  acid. 

Quercetin,  first  obtained  by  Rigaud,  1854,  from  the  splitting  up  of 
quercitannic  acid,  is,  according  to  Filhol,  to  be  found  in  the  green  leaves 
and  flowers  of  all  plants.  Its  formula  is  given  as  C15H10O7 ;  it  forms 
fine  yellow  needles,  or  a  citron-yellow  powder,  which  gives  up  at  a 
temperature  of  120°  C,  7  to  10  per  cent,  of  water  of  crystallisation.  It 
melts,  according  to  Zwenger  and  Dronke,  above  250°  C.  without  decomposi- 
tion, solidifying  again  in  a  crystalline  mass,  and  it  may  be  also  sublimed 
with  only  partial  carbonisation.  It  is  very  little  soluble  in  water.  Warm 
acetic  acid  dissolves  it  copiously,  but  it  separates  on  cooling.  It  is  soluble 
in  229*2  parts  of  cold,  and  18 '2  parts  of  hot  absolute  alcohol.  A  solution 
of  quercetin  colours  linen  bright  yellow ;  sugar  of  lead  precipitates  the 
alcoholio  solution  cherry  red,  and  chloride  of  iron  dark  red.  A  combination 
with  sodium  or  potassium  can  be  obtained,  Na2O,C,5H10O7. 

The  other  constituents  of  tea,  such  as  gallic  and  tannic  acids,  gum,  etc., 
are  too  well  known  to  need  description. 


Composition  of  Tea. 

§  233.  The  mean  of  sixteen  analyses  quoted  by  Konig  gives  the 
following : — 

Per  cent. 

Water,   11*49 

Nitrogenous  substances,   21*22 

Theine,   1  35 

Ethereal  oil,   '67 

Fat,  chlorophyll,  wax,   3*62 

Gum  and  dextrin,  *  7*13 

Tannin,   12*36 

Other  nitrogen  free  matters,   16*75 

Woody  fibre,   20*30 

Ash,   5*11 

100*00 

And  this  may  be  taken  to  represent  average  tea.  The  annexed  table 
gives  determinations  of  several  constituents  of  teas  in  Russian  commerce 
by  Dragendorff — the  chief  features  of  which  may  be  summarised  as 
follows : — 

Dragendorff' 8  Analyses  of  Twenty-ihree  Teas  in  Russian  Commerce. 

Mean.  Maximum.  Minimum. 

Per  cent  Per  cent.  Per  cent. 

Water                                       10*00  12*66  7*10 

Extract,                                     32*67  44*50  24*80 

Theine,                                       1*90  3  09  1*36 

Tannin  (4  determinations  only),      11*42  9*42  12*70 

Ash                                            6*23  6*82  5*23 
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An  interesting  research  on  the  changes  taking  place  in  the  tea-plant 
through  age  has  been  made  by  0.  Kellner.1  Tea  leaves  from  the  same 
plants  were  collected  twice  a  month  from  May  to  November,  and  a  sample 
also  obtained  at  the  end  of  the  twelve  months.  The  main  results  may  be 
briefly  summarised  thus:— The  water  regularly  diminished  from  76  to  60 
per  cent.;  the  theine  in  the  young  leaves  amounting  to  2*85  per  cent,  of 
the  dried  substance  diminished  to  '84  per  cent,  of  the  old  dried  leaves,  and 
the  total  nitrogen  from  4*91  to  2*67  per  cent  The  nitrogen  from  the 
amido-acids,  equal  in  the  first  month  to  '66  per  ceut.  of  the  dried  substance, 
rapidly  decreased,  so  that  in  September  the  amido-nitrogen  only  attained 
'08  per  cent.,  and  in  the  twelfth  month  was  still  less — viz.,  '01  per  cent.; 
since  the  theine  did  not  diminish  in  anything  like  the  same  proportion,  the 
inference  is  that  the  amido-nitrogen  became  theine-nitrogen.  On  the  other 
hand,  the  tannin  increased  from  8  to  11  or  12  per  cent.,  and  the  ash  from 
4*69  to  5*14  per  cent.  It  is,  therefore,  clear  that  in  young  tea  leaves  there 
is  more  water,  more  theine,  and  more  amido-acid  than  in  old  leaves. 
Whereas  in  old  leaves,  with  the  decrease  of  the  constituents  mentioned, 
there  is  more  ash  and  tannin. 

Microscopical  Methods  op  Detecting  Adulterations  in  Tea. 

Preliminary  Examination  of  Tea. — The  tea  leaves  should  be  soaked  in 
hot  water,  carefully  unrolled,  and  their  shape  and  structure  examined. 
Sections  of  leaves  can  be  made  by  placing  them  between  two  pieces  of 
cork,  and  cutting  fine  slices  off  both  the  cork  and  the  enclosed  leaf ;  on 
floating  the  sections  in  water,  the  film  of  cork  may  be  readily  separated 
from  the  leaf.  The  epidermis  of  the  lower  or  upper  surface,  can,  with  a 
little  practice,  be  detached  in  small  portions  by  the  aid  of  a  sharp  razor, 
and  examined  in  water,  glycerin,  or  dammar  balsam  under  the  microscope. 
Its  structure  has  been  already  detailed. 

§  234.  Process  for  the  Examination  of  Leaves  and  Vegetable  Tissues 
generally  under  the  Microscope. — One  of  the  authors  has  suggested  an  easy 
process  for  examining  vegetable  leaves.  A  portion  of  a  leaf  is  enclosed 
between  two  of  the  thin  circles  of  glass  used  by  all  microscopists,  and  a 
weight  having  been  placed  upon  the  upper  glass,  the  portion  of  leaf  thus 
enclosed  is  heated  with  a  strongly  alkaline  solution  of  permanganate  of 
potash.  The  action  begins  at  once,  and  the  substance  under  examination 
must  be  examined  from  time  to  time  to  see  that  the  oxidisation  does  not 
proceed  too  far.  Alkaline  permanganate  attacks  the  colouring  matters  and 
the  contents  of  the  cells  first,  and  afterwards  the  cell  membranes;  the 
object  of  this  treatment  is  to  make  the  leaf  transparent,  and  yet  to  preserve 
its  structure.  Tea  leaves  are  very  opaque,  and  it  is  impossible  without 
some  mechanical  or  chemical  treatment  to  render  them  transparent.8 
When  from  the  appearance  of  the  leaf-fragment  the  oxidation  is  considered 
sufficient,  it  is  removed,  washed  in  water,  and  treated  with  a  little  strong 
hydrochloric  acid,  which  at  once  dissolves  the  manganese  oxide  that  has 
been  precipitated  on  the  leaf,  and  leaveB  the  latter  as  a  translucent  white 
membrane,  in  which  the  details  of  structure  can  be  readily  made  out — tea- 
leaf  in  this  way  being  quite  different  in  appearance  from  other  leaves.  A 
second  method  of  very  great  value  is  to  place  a  fragment  of  a  leaf  between 

1  Land.  Verauchs.  Stat.,  1886,  870-380.    Journ.  Chem.  Soc.,  Jan.  1887,  78. 
*  See  also  method  to  discover  *  idioblasts,'  described  at  jmge  828. 


328 


FOODS  :  THKIR  COMPOSITION  AND  ANALYSIS*  235. 


two  circles 1  o!  glass,  weight  the  upper  one  with  a  silver  coin,  and  burn  out 
a  bit  of  sheet  platinum  the  leaf  thus  prepared.  Since  it  is  impossible  for 
the  ash  to  curl  up  and  become  disarranged*  a  complete  skeleton  of  siliceous 
ash  remains,  which  may  be  called  the  skeleton  ash. 

These  skeleton  ashes  of  leaves  (so  far  as  the  authors  have  hitherto  been 
able  to  investigate  the  subject)  show  such  decided  differences  the  one 
from  the  other,  that  a  great  number  of  leaves  may  with  a  little  practice  be 
recognised  by  this  method  alone.  [It  is  particularly  useful  in  detecting 
the  adulterations  of  tobacco,  the  skeleton-ash  of  the  tobacco-leaf  being 
special  and  peculiar.]  It  is  sometimes  well  not  to  burn  to  an  absolute  aah, 
but  t c.j  leave  little  bits  of  partially -consumed  carbon,  forming  objects  for 
the  microscope  of  great  beauty.  To  preserve  the  'skeleton-ash1  the  two 
circles  may  be  cemented  together,  or  the  edges  may  be  fused  by  the  flame. 

Fi^s,  43,  41,  15  and  IG  are  examples  of  skeleton  ashes,  as  drawn  on  tbe 
block  to  scale. 


Fig.  43. —Aah  of  Tea,  Leaf,  x  170,  Flo.  44.— Ash  of  Sloe  Leaf,  X  29. 


§  235,  Ufietnieal  Method  fur  (lie  Detection  of  Forettpt  Leaves  in  Tea.— 
A  chemical  method  for  the  detection  of  foreign  leaves  (adulterants)  was 
first  described  by  one  of  us  in  June  I877.2  It  is  based  upon  two  facts — 
first,  that  every  part  of  a  Meme-producing  plant — wood,  stem,  leaf, 
flowers,  and  even  hairs — contains  theine;  and,  secondly,  that  this  can 
be  readily  sublimed.  The  leaf,  or  fragment  of  a  leaf,  is  boiled  for  a 
minute  in  a  watch-glass  with  a  very  little  water,  a  portion  of  burnt 
magnesia  equal  in  bulk  is  added,  and  the  whole  heated  to  boiling,  and 

1  That  is,  the  covers  of  thin  glass  used  by  the  nricroscopist, 

a  *'  Mioro-Cbeimatiy  us  Applied  to  the  Identification  of  Tea  Leaves.'1  By  A.  Wynter 
Blyth,    Ana! t^t,  ]877. 
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rapidly  evaporated  down  to  a  large-sized  drop.  This  drop  is  transferred  to 
the  'subliming  cell,'  described  fully  in  'Poisons/1  and  if  no  crystalline 
sublimate  be  obtained,  when  heated  up  to  110°  C.  (a  temperature  far  above 
the  subliming  point  of  theine),  the  fragment  cannot  be  that  of  a  tea-plant. 
On  the  other  hand,  if  a  sublimate  of  theine  be  obtained,  it  is  not  con- 
clusive evidence  of  the  presence  of  a  tea-leaf,  since  other  plants  of  the 
camellia  tribe  also  contain  theine. 

Finally,  there  is  a  negative  test  which  may  occasionally  be  valuable. 
All  fragments  of  tea  hitherto  examined  contain  manganese,  and  there  are 
a  few  foreign  leaves  in  which  manganese  is  constantly  absent.  Hence,  if 
a  leaf  be  burnt  to  an  ash,  and  a  fragment  of  the  ash  be  taken  up  on  a 
soda-bead  to  which  a  little  potussic  nitrate  has  been  added,  the  absence  of 
the  green  manganate  of  soda  would  be  sufficient  evidence  that  the  leaf  had 
not  been  derived  from  the  tea-plaut,  while  conversely,  as  in  the  case  of 
theine,  the  presence  of  manganese  is  not  conclusive  of  tea. 

Another  portion  of  the  tea  leaves  should  be  thoroughly  bruised,  spread 
on  a  glass  plate,  and  carefully  searched  with  a  magnet  for  ferruginous 
particles — the  so-called  iron-filings,  which  are  occasionally  found,  especially 
in  Capers  and  certain  species  of  Congou.  It  is  almost  unnecessary  to  state 
that  the  black,  irregular  masses  found  in  tea,  and  attracted  by  a  magnet, 
are  not  metallic  iron.2  Their  chemical  composition  is  somewhat  variable ; 
they  all  contain  magnetic  oxide  of  iron,  and  many  of  them  in  addition 
phosphate  of  iron,  titanatc  of  iron,  quartz,  and  mica,  with  a  little  sand. 
They  are,  without  doubt,  sometimes  an  adulteration  (the  senior  author  has 
himself  found  over  1  per  cent.),  and  sometimes  an  impurity,  for  in  a  few 
teas  mere  traces  only  of  this  ferruginous  sand  may  be  discovered.  Any 
particles  of  the  kind  extracted  by  the  magnet  should  be  collected  and  treated 
with  hot  water,  which  soon  disintegrates  them  ;  the  adherent  tea-dust  is 
separated,  and  the  sand  dried  and  weighed. 

To  detect  facing,  the  tea  in  its  dried  state  should  be  mounted  as  an 
opaque  object.3  If  it  has  the  appearance  of  being  heavily  faced,  soaking 
in  warm  water  will  soon  detach  the  film ;  and  indigo,  Prussian  blue,  or 
similar  substances  will  sink  to  the  bottom,  and  may  be  collected  and 
examined.  Indigo  may  be  identified  by  the  microscoi>e.  Prussian  blue 
may  be  tested  for  by  warming  the  deposit  with  caustic  alkali,  filtering 
acidifying  the  filtrate  with  hydrochloric  acid,  filtering  again  if  necessary, 
and  testing  the  filtrate  with  ferric  chloride.  The  residue  left  after  treat- 
ment with  caustic  alkali  may  bo  tested  for  magnesium  silicate,  by  first 
extracting  with  IIC1,  and  then  collecting  the  insoluble  residue,  and  fusing 
it  with  an  alkaline  carbonate.  The  silica  is  now  separated  in  the  usual 
way  by  evaporation  with  HC1  to  dryness,  subsequent  solution  of  the 
remaining  ash  in  weak  acid,  and  filtration ;  any  lime  is  removed  by 

1  Poisons :  their  Effects  and  Detection.    By  A.  Wynter  Blytli.    3rd  ed.,  1805,  p.  258. 

3  Mr.  Allen  amours  to  have  found  metallic  iron  in  tea.  The  teat  for  metallic  iron 
is,  that  nitric  acid,  1  *2  sj»eeinc  gravity,  dissolves  it  with  the  production  of  red  fumes  ;  it 
also  precipitates  metallic  copjier,  if  added  to  an  acidulated  solution  of  cupric  sulphate. 

8  The  facing  of  tea  is  thus  described  by  M.  S.  Julien  :  "The  leaves  are  mixed  either 
with  powdered  indigo,  with  powdered  plaster,  or  with  slaked  lime,  sometimes  even  all 
three  substances  being  put  together  in  small  projwrtion  to  tea  leaves.  These  matters 
are  introduced  into  the  basins  at  the  commencement  of  the  operation,  when  the  leaves 
begin  to  be  covered  with  a  light  dew  under  the  influence  of  heat.  These  matters  attach 
themselves  to  the  leaves,  and  communicate  to  them  the  bluish-green  characteristic  of 
green  tea.  ...  In  certain  manufactories  Prussian  blue  is  used  instead  of  indigo." 
'  Industries  An ciennes  et  Modern es  de  l'Einpire  Chinois,"  par  MM.  Stanislaus  Julien  et 
0.  Champion.    Paris,  1869. 
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ammonia  and  ammoniac  oxalate;  and  lastly,  magnesia  is  precipitated  as 
amnion,  mag.  phosphate.  Magnesia  found  under  these  circumstances  must 
have  been  present  as  steatite  or  other  magnesian  silicate. 

Leaves  Used,  or  supposed  to  be  Used,  as  Adulterants. 

§  236.  The  following  is  a  brief  description  of  the  principal  leaves  sup- 
posed to  be  used  as  adulterants : — 

Beech  (Fagus  eylvatica). — The  leaves  of  the  beech  are  ovate,  glabrous, 
obscurely  dentate,  ciliate  at  the  edges,  the  veins  running  parallel  to  one 
another  right  to  the  edge.  The  leaf,  slightly  magnified,  is  seen  to  be 
divided  into  quadrilateral  spaces  by  a  network  of  transparent  cells.  On 
section,  the  parenchyma  of  the  leaf  is  found  to  consist  of  an  upper  layer  of 
longitudinal  cells,  and  a  lower  of  loose  cellular  tissue,  enclosed  between 
the  epidermis  of  the  upper  and  under  surface.  The  whole  section  is  thus 
divided  into  oblong  spaces  by  transparent  cells  connecting  the  cuticle  of 
the  upper  and  lower  surfaces.  The  epidermis  of  both  the  upper  and  lower 
surfaces  is  composed  of  cells  with  an  extremely  sinuous  outline  (see  fig.  47). 


Fir..  47.—  Epidermis  of  Beech  Leaf,  x  300. 


The  stomata  are  small,  uot  numerous,  and  almost  round.  Beech  leaves 
contain  manganese. 

Hatcthorn  (Crataegus  oxyacantha). — At  least  two  varieties,  the  more 
common  of  which  is  the  C.  monogyna,  with  obovate  three-  to  four-deeply 
lobed  leaves,  with  the  lobes  acute.  The  leaf  is  divided  into  quadrilateral 
spaces,  like  the  beech  and  many  other  leaves,  by  a  transparent  network. 
The  epidermis  of  the  upper  surface  is  composed  of  a  layer  of  thin-walled 
cells,  generally  quadrilateral,  outline  seldom  sinuous.  The  epidermis  of 
the  lower  surface  has  a  layer  of  thin-walled  cells,  with  a  very  sinuous  out- 
line. Stomata  large,  distinct,  and  numerous,  in  many  instances  nearly 
round,  but  the  shape  mostly  oval.    (See  fig.  48.) 

Camellia  Sastanqva. — The  leaves  of  Camellia  sassanqua  are  oval, 
obscurely  serrate  (the  younger  leaves  entire),  dark  green,  glabrous,  of  some- 
what leathery  consistence ;  the  lateral  veins  of  the  leaf  are  inconspicuous. 
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Micro-structure. — The  parenchyma  of  the  leaf  is  placed  between  two 
thickened  epidermal  layers ;  the  epidermis  of  the  upper  surface,  as  seen 
upon  a  section,  forms  a  wrinkled,  continuous,  thick  membrane,  in  which  a 
cellular  structure  is  not  very  evident.  Below  this  there  are  two  or  three 
layers  of  large  cells,  more  or  less  oblong,  with  their  long  diameter  at  right 


Fig.  48.— Epidermis  from  the  under  surface  of  the  Hawthorn  Leaf,  x  300. 

angles  to  the  surface  of  the  leaf ;  and  underneath  this  again  is  a  loose 
network  of  cells,  resting  upon  an  epidermis  in  every  respect  similar  to  that 
of  the  upper  surface,  but  only  half  as  thick.  A  thiir  layer  of  either  the 
upper  or  lower  epidermis  shows  a  peculiar  dotted  or  reticulated  appearance, 


Fig.  49. — Epidermis  of  under  surface  of  the  leaf  of  the  Camellia  Sassanqua,  x  300. 

not  unlike  the  rugae  of  a  stomach.  The  lower  epidermis  is  studded  with 
frequent  stomata,  small,  and  of  an  oblong  shape  (see  fig.  49). 

Sloe  (Prunus  commuuu). — The  leaves  of  the  common  sloe  are  rather 
small,  elliptic  or  ovate-lanceolate  in  shape,  and  slightly  downy  beneath. 
The  sectional  thickness  of  the  leaf  is  the  same  as  that  of  tea.    The  stomata* 
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on  the  lower  surface  are  scanty.  The  microscopical  appearances  are  wholly 
different  from  those  of  tea  leaves,  more  especially  as  seen  in  section.  (See 
fig.  50.) 

Chloranthus  Inconspicum. — The  leaves  of  the  Chloranthus  inconspicvus 
are  long,  oval,  serrate,  wrinkled,  the  veins  running  nearly  to  the  edge,  and 
there  forming  a  network  in  such  a  manner,  that  at  the  point  of  intersection 
little  knots  are  formed,  which  give  the  margin  of  the  leaf  a  very  rough 
feeling.    The  structure  of  the  leaf  is  very  simple.    The  epidermis  of  the 


Fig.  50. —Section  of  Sloe  Leaf,  x  300. 


upper  surface  is  formed  of  one  or  two  layers  of  thin-walled  cells,  the 
epidermis  of  the  lower  of  one  or  two  layers  also  of  cells,  and  between  the 
two  there  is  a  parenchyma  of  loose  cellular  tissue.  The  stomata 
are  oval  and  rather  numerous;  their  length  is  from  '0010  inch,  their 
breadth  #00073  inch.  The  cells  of  the  epidermis  are  large,  some  of  them 
•005  inch  or  more  in  their  long  diameter.1    (See  fig.  51.) 

The  Chemical  Analysis  of  Tea. 

The  sample  is  next  submitted  to  chemical  analysis.  If  the  question  to 
be  decided  is  simply  that  of  adulteration,  the  taste  of  the  infusion,  the 
percentage  of  extract,  and  a  determination  of  the  chief  constituents  of  the 
ash  are  in  most  cases  all  that  is  necessary ;  but  a  more  or  less  complete 
examination  embraces  a  quantitative  estimation  of  hygroscopic  moisture, 
theine,  total  nitrogen,  tannin,  extract,  gum,  and  ash. 

§  237.  Hygroscopic  Moisture. — The  ordinary  method  of  taking  the 
hygroscopic  moisture  of  tea  is  to  powder  as  finely  as  possible  an  indeter- 

1  The  leaves  of  Epilobium  angmtifolium  (common  willoto  herb)  are  said  to  be  exten- 
sively used  in  Russia  for  the  adulteration  of  tea.  The  dried  leaves  are  sold  for  from  four 
to  six  roubles  a  pound,  and  are  used  by  the  poorer  classes  in  the  place  of  tea.  Alcohol 
produces  in  infusions  of  epilobium  a  precipitate  of  mucilage. — Pharm.  Zeitsch.fUr 
Eussland  and  Year-Book  of  Pharmacy,  1876. 
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minate  quantity  of  from  1  to  2  grms.,  and  to  heat  it  in  a  watch-glass  over 
the  water-bath  until  it  ceases  to  lose  weight.  It  should  be  finally  weighed 
between  two  watch-glasses,  since  it  rapidly  absorbs  moisture  from  the  air. 

The  method  given  is  in  its  results  incorrect,  since  some  volatile  oil  and 
a  small  proportion  of  theine  are  always  volatilised.  That  theine  is  actually 
lost  is  capable  of  rigid  demonstration ;  it  is  only  necessary  to  heat  a  few 
leaves  of  tea  between  two  watch-glasses  over  the  water-bath,  and  theine 
crystals  ean  be  readily  discovered  on  the  upper  glass.    To  devise  a  process 


Fio.  51.  —(a)  Epidermis  of  under  surface  of  the  leaf  of  Chloranthus  Inconspicuus,  x  800. 

(6)  Section  near  edge. 

of  drying  tea  which  will  represent  water  only  is  not  easy ;  but  since  the  loss 
both  of  volatile  principles  and  theine  does  not  materially  affect  the  results, 
it  is  scarcely  worth  while  to  complicate  the  analysis  by  the  use  either  of  a 
lower  temperature  or  of  processes  of  absorption.  The  highest  amounts  of 
moisture  in  a  genuine  tea  which  are  on  record  are  two  specimens  from 
Gachar,  analysed  by  Professor  Hodges — the  one  (indigenous)  gave  16*06 
per  cent.,  the  other,  a  hybrid,  16*2  per  cent.  These  were,  however,  not 
commercial  teas,  and  appear  to  have  been  simply  dried  in  heated  rooms. 
The  average  hygroscopic  moisture  found  by  Mr.  Wigner  in  thirty-five  tea&> 
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r**  wfc  iliitly  guarded  against — tml,  loss  of  theme  daring  the  evapora- 
to  dfjness,  since  it  is  absolutely  impossible  to  evaporate  a  decoction 
if  iaaand  magnesia  to  dryness  at  100"  C.  without  loss  of  the  alkaloid — a 
tai^wkfeh,  so  mr  as  our  experiments  go,  does  not  take  place  until  the 
'  qnite  dry.    The  following  modification  may  therefore  be 

I:  4  to  5  gnns.  of  the  tea  are  boiled  in  a  flask  provided  with  an 
1  lifting's  condenser  for  a  couple  of  hours,  the  liquid  and  leaves  are 
*  to  an  evaporating  dish,  some  magnesia  added,  and  the  whole 
1  to  a  pasty  condition.    This  paste  is  treated  and  thoroughly 
I  by  chknoforro ;  the  latter  is  separated  and  evaporated,  and  the 
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chloroformic  extract  redissolved  in  a  little  boiling  water,  the  solution 
filtered,  evaporated  to  dryness  at  a  very  gentle  heat,  and  weighed. 

(2.)  Simple  Treatment  of  the  Potcdered  Leaves  by  Solvents. — Legrif  and 
Petit  soften  the  leaves  first  with  boiling  water,  and  then  extract  the  moist 
mass  by  the  aid  of  chloroform.  Other  chemists  simply  exhaust  the 
powdered  substance  by  chloroform  or  ether  ;  subsequent  purification  may, 
of  course,  be  necessary. 

(3.)  Sublimation. — A  method  of  utilising  tea  dust  by  making  it  a  source 
of  theine,  was  recommended  by  Heijnsius  (Journ.  Prak.  Chem.,  xlix.,  317). 
The  tea  dust  was  simply  treated  in  a  Mohr's  benzoic  acid  subliming 
apparatua  Stenhouse  improved  this  process  by  precipitating  either  a 
spirituous  extract,  or  a  decoction  of  tea  by  acetate  of  lead,  evaporating  the 
filtrate  to  dryness,  mixing  the  residue  with  sand,  and  subliming.  These 
processes  of  sublimation,  however,  were  proposed  simply  for  the  extraction, 
not  the  estimation,  of  theine. 

One  of  us,  in  1877,1  proposed  the  following  quantitative  method  of 
sublimation : — A  convenient  quautity  of  the  tea  was  boiled  in  the  way 
mentioned,  magnesia  added,  and  the  whole  evaporated  to  a  paste,  which 
was  spread  on  a  thin  iron  plate,  and  covered  with  a  tared  glass  funnel. 
The  heat  at  first  was  very  gentle,  but  was  ultimately  raised  at  the  later 
stages  of  the  process  to  200°  C.  The  theine  sublimes  perfectly  pure  and 
anhydrous,  and  forms  a  coherent  white  coating  on  the  sides  of  the  funnel ; 
the  increase  of  weight  is  simply  anhydrous  theine.  To  ensure  success  it  is 
absolutely  necessary — 

(1.)  That  the  layer  be  as  thin  as  possible. 

(2.)  That  the  heat  be  only  gradually  increased. 

(3.)  That  the  mixture  be  occasionally  cooled,  and  then  thoroughly  stirred. 

(4.)  That  the  sublimation  be  prolonged  for  a  sufficient  time. 

The  sublimation  is  finished  when  a  funnel,  inverted  over  the  substance, 
heated  to  about  150°  C,  and  left  for  half  an  hour,  shows  no  crystals 

An  improvement  on  this  process  is  to  place  the  paste  on  a  ground  glass 
plate,  to  which  a  flanged  funnel  has  been  ground  so  as  to  fit  air-tight. 
The  apparatus  is  then  connected  with  a  mercury-pump,  and  an  absolute 
vacuum  produced.  By  the  aid  of  a  shallow  sand-bath,  the  theine  may  be 
sublimed  at  a  very  gentle  heat. 

§  239.  Determination  of  Total  Nitrogen. — Peligot  and  Wanklyn  have 
laid  particular  stress  on  the  large  amount  of  nitrogen  contained  in  tea 
leaves.  This  nitrogen  is,  of  course,  largely  dependent  on  the  theine,  and 
it  is  questionable  whether,  with  the  improved  methods  for  the  extraction 
of  the  latter,  it  is  worth  while  to  make  a  combustion,  more  especially  as 
the  exhausted  leaves  are  highly  nitrogenous,  from  the  presence  of  an 
albuminous  body.  The  N  may  be  determined  by  Kjeldahl's  method  or  by 
combustion  with  copper  oxide.  The  following  are  a  few  determinations  of 
total  nitrogen: — 

Per  cent.    Analysed  by 
A  sample  of  genuine  tea  from  Cachar,  .       474  Hodges. 
A  hybrid  variety,  do.,    .       2*81  ,, 

Another  sample  from  Cachar,     .       .       4*42  ,, 
Sample  taken  from  60  green  teas  slightly  |  q  .ya 

faced,  \  0  '° 

60  Black  teas,  3  26  Wigner. 

6  Assam  teas,     .....       3'64  ,, 

6  Caper  teas  3*32  ,, 

Assam  tea,  from  Dr.  M'Namara's  garden,  3 '88  ,, 
Sample  of  exhausted  leaves,       .       .      3*80  ,, 

1  Op.  ctt. 
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§  240.  Determination  of  Tannin. — The  methods  proposed  for  the 
determination  of  tannin  are  very  numerous.  Four  only,  however,  require 
any  notice  here — viz.,  the  gelatin  process,  the  copper  process,  Mr.  Allen's 
acetate  of  lead  process,  and  Lbwenthal's  process. 

(1.)  By  Gelatin. — The  best  process  by  gelatin  is  decidedly  that  which 
dispenses  with  the  drying  and  weighing  of  the  precipitate.  A  solution  of 
gelatin  is  carefully  made  by  first  soaking  the  gelatin  in  cold  water  for 
twelve  hours,  then  raisiug  the  heat  to  100°  C,  by  placing  the  bottle  on  the 
water-bath  (the  strength  should  be  about  3  per  cent.),  and  finally  about 
•8  per  cent,  of  alum  should  be  added.  A  portion  of  the  solution  thus 
prepared  is  put  into  an  alkalimeter  flask  (e.g.,  Schuster's),  and  carefully 
weighed.  A  solution  containing  a  known  quantity  of  tannin  is  now  titrated 
with  the  gelatin  until  a  precipitate  no  longer  occurs;  the  flask  is 
reweighed,  and  the  loss  shows  approximately  the  strength  of  the  solution. 
One  or  two  more  exact  determinations  will  be  required  to  get  the  correct 
value.  It  is  necessary  to  allow  the  precipitate  now  and  then  to  settle,  and 
a  few  drops  of  the  supernatant  fluid  should  be  placed  on  a  watch-gla38,  to 
which  a  drop  of  gelatin  may  be  added,  and  thus  the  point  of  saturation 
ascertained.  The  tannin  in  a  decoction  of  tea  is,  of  course,  estimated  on 
precisely  similar  principles. 

(2.)  Copper  Process. — When  a  single  determination  of  tannin  is  required 
it  is  best  to  precipitate  by  copper-acetate.  2  grms.  of  tea  are  boiled  for  an 
hour  in  100  c.c.  of  water,  the  solution  filtered,  the  filtrate  boiled,  and 
while  boiling  20  to  30  c.c.  of  solution  of  copper  acetate  [1  :  20]  added. 
The  precipitate  is  collected,  dried,  burnt  to  an  ash,  oxidised  with  nitric  acid, 
and  again  ignited  and  weighed.  1  grm.  of  CuO=  1*3061  of  tannin,  if 
EelerV  figures  be  accepted  ;  if  Woolfs,2  then  1  grm.  CuO  =  1*304  tannin. 

(3.)  Mr.  Allen's  Lead  Process.— k  filtered  solution  of  lead  acetate  "5  per 
cent.,  a  solution  of  5  mgrms.  of  pot.  ferridcyanide,  5  c.c.  of  strong  ammonia 
water,  and  5  c.c.  of  pure  water,  and  lastly,  solution  of  pure  tannin  (*1  per 
cent.)  are  required.  The  process  essentially  depends  upon  the  precipita- 
tion of  tannin  by  lead  acetate,  and  using  ammoniacal  pot.  ferridcyanide  as 
an  indicator.  The  latter  agent  strikes  a  pink  colour  with  tannin.  The 
solution  is  standardised  by  taking  a  known  volume  of  the  lead  solution, 
and  dropping  in  the  tannin  liquid  until  a  small  portion  filtered  gives  a  pink 
colour  with  the  indicator. 

Tea  is  tested  in  a  precisely  similar  manner.  Mr.  Allen's  method  is 
tolerably  speedy  and  accurate.  The  final  reaction  is,  however,  somewhat 
difficult  to  observe. 

(4.)  LbwenthaVs  Process. — Up  to  the  present  time  this  method  (originally 
worked  out  for  barks)  is  the  best  we  possess ;  it  depends  on  the  oxidation 
by  permanganate,  and  indigo  is  used  as  an  indicator.  It  not  only  gives 
us  the  tannin,  but  the  amount  of  other  astringent  matters  as  well.  The 
following  solutions  are  required : — 

(1.)  A  solution  of  potass,  permanganate,  1'333  grms.  per  litre. 

(2.)  Precipitated  indigo,  5  grms.  per  litre. 

(3.)  Dilute  sulphuric  acid  (1  :  3). 

(4.)  Asolution  of  gelatin,  25  grms.  to  litre,  saturated  with  sodium  chloride. 3 

1  Dingier*  Poly.  Journ.,  cexxix.,  81. 

2  Zcitsclirift  f.  an.  Chem.,  1,  104. 

3  Lowenthal  prei>ares  the  solution  by  steeping  25  grms.  of  the  finest  Cologne  glue  in 
cold  water  over  night ;  it  is  then  melted  on  the  water-bath,  saturated  with  NaCl,  and 
made  up  to  1  litre  with  saturated  NaCl  solution,  filtered,  and  kept  well  corked. 
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(5.)  A  saturated  solution  of  pure  salt,  containing  25  c.c.  of  sulphuric, 
or  50  c.c.  of  hydrochloric  acid  per  litre. 

The  analysis  as  applied  to  the  determination  of  tannin  in  barks  is 
performed  thus : — 10  grms.,  say,  of  sumach  are  taken  and  exhausted  by 
boiling  with  water,  and  the  solution  made  up  to  1  litre ;  of  this  infusion, 
10  c.c.  are  mixed  with  75  c.c.  of  water,  25  c.c.  of  the  indigo  solution  added, 
and  10  c.c.  of  the  dilute  sulphuric  acid.  The  permanganate  solution  is  run 
drop  by  drop  from  the  burette  with  constant  stirring,  till  the  blue  colour 
changes  to  yellow,  when  the  amount  of  permanganate  used  is  noted  (x). 
The  same  process  is  repeated  with  indigo  and  sulphuric  acid,  and  the 
amount  read  off  (y)\  subtracting  y  from  x= total  astringent  matters.  The 
permanganate  oxidises  both  tannin  and  indigo ;  but  the  tannin  being  the 
easier  to  oxidise,  is  consumed  first.  In  order  to  obtain  accurate  results, 
the  proportion  of  indigo  should  be  such  as  to  require  about  twice  the 
quantity  of  permanganate  which  would  be  consumed  by  the  tannin  alone. 
Thus,  if  indigo  alone  requires  10  c.c.  of  permanganate  to  decolorise  it,  the 
indigo  and  tannin  together  must  not  take  more  than  about  15  c.c;  if  it 
does  so,  the  tannin  must  bo  diluted  accordingly.  The  total  astringent 
matters  being  known,  the  next  step  is  to  throw  the  tannin  out,  and  estimate 
the  gallic  acid  and  impurities.  100  c.c.  of  the  infusion  are  mixed  with 
50  c.c.  of  the  salted  gelatin  infusion ;  after  stirring,  100  c.c.  of  the  salt  acid 
solution  are  added,  and  the  mixture  allowed  to  stand  for  twelve  hours.  It 
is  theu  filtered,  and  an  aliquot  part  of  the  filtrate  is  oxidised  by  perman- 
ganate and  indigo,  as  before. 

Lb  wen  thai  gives  the  following  example  :  10  grms.  of  sumach  were  boiled 
in  750  c.c.  of  water  and  after  cooling  made  up  to  one  litre : — 


Permanganate. 

10  c.c.  of  sumach  infusion,  { congumed  .       .  16.6 

25  c.c.  of  indigo  solution,    {  WUBUmcu» 

Do.,  repeated,    .  16*5 

381 

50  c.c  of  indigo  solution  alone  13*2 

Total  permanganate  for  20  co.  of  sumach,  .  19*9 
50  c.c.  filtrate  from  the  gelatin,  |  ^  u, 

25  c.  c.  indigo  solution,  j  ' 

Do.,  repeated,  11*1 

22-3 

50  c.c.  indigo  alone,  13*2 

Gallic  acid  and  impurities  9*1 


Deducting  9*1  c.c.  from  19  9  c.c.  equals  10*8  c.c.  as  permanganate, 
equivalent  to  the  tannin  of  20  c.c.  of  sumach  infusion,  or  0  2  grm.  of  dry 
sumach.  It  is  well  to  ascertain  the  value  of  the  permanganate  solution  by 
oxalic  acid,  adopting  the  numbers  given  by  Neubauer  and  Oser — viz.,  that 
0*063  oxalic  acid  is  equal  to  0*04157  gallo-tannic  and  '062355  quercitannic 
acids.  Should  it  be  preferred  to  use  tannin,  the  purest  commercial  tannin 
must  be  precipitated  by  lead,  the  precipitate  freed  from  lead  in  the  usual 
way,  and  the  solution  of  pure  tannin  then  evaporated  to  complete  dryness, 
and  a  solution  of  convenient  strength  made.  The  process  requires  but 
little  modification  to  be  applicable  to  tea.1 

1  F.  Becker  has  proposed  (Chevi.  Nvics,  xli.,  229)  to  estimate  tannin  as  follows : — 50 
c.c.  of  a  solution  of  methyl  violet — '5  per  cent,  strength— is  made  up  to  half  a  litre  and 
heated  to  50°,  it  is  then  standardised  by  a  1  per  cent  solution  of  tannin  ;  which  is  run  in 
until  all  the  colouring-matter  is  precipitated  and  the  nitrate  is  colourless.  When 
operating  on  solutions  of  unknown  strength,  guided  by  the  first  rough  essay,  they  should 

22 
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The  amount  of  tannin  in  genuine  teas  seems  to  be  variable.  S.  Janke,  using  the  acetate 
of  copper  process,  has  determined  the  tannin  in  eighteen  samples  of  black  tea,  and  found 
as  a  maximum  9*142  per  cent.,  as  a  minimum  6*922  per  cent.,  and  as  a  mean  8*1  per 
cent    Three  samples  of  green  tea  gave  9*94,  8*56,  and  9*57  per  cent    Mr.  Wigner,  as  a 


sample  of  very  astringent  teas,  gave  the  following  :  — 

Per  cent. 

Moyone  young  Hyson,   39*0 

Very  choice  Assam,   33*0 

Indian  young  Hyson,   39*0 

Assam  tea  from  Dr.  M'Namara's  garden,        .       .  27*7 

Caper,  mixed,   42*3 


Exhausted  tea  leaves  yield  from  2  to  4  per  cent,  of  tannin.  A  tea 
giving  only  6  per  cent,  of  tannin  is  to  be  regarded  as  suspicious,  but  care 
must  be  taken  not  to  rely  upon  any  single  indication. 

§  241.  Tfie  Extract — The  extract  is  a  measure  of  the  soluble  matter  in 
tea.  Peligot  exhausted  the  leaves  and  then  redried  them,  and  thus  esti- 
mated the  soluble  matter  by  difference.  Wanklyn,  however,  has  proposed 
a  more  rapid  and  convenient  method.  It  consists  in  taking  10  grms.  of 
tea,  and  boiling  with  500  c.c.  of  water,  the  flask  being  adapted  to  a  Liebig's 
condenser.  When  50  c.c.  are  distilled  over,  the  process  is  stopped,  and  the 
50  c.c.  returned  to  the  flask;  50*3  grms.  of  the  hot  strained  liquid  are 
then  weighed  out  and  evaporated  to  dryness.  Wigner  boiled  with  a 
vertical  condenser  for  an  hour,  and  found  that  1  per  cent,  strength  yielded 
the  most  constant  results.  Perhaps,  on  the  whole,  the  best  process  is  the 
following : — Place  one  part  of  tea  in  100  of  water,  boil  for  one  hour  with  a 
vertical  condenser,  and  then  take  an  aliquot  part  of  the  filtered  liquid  for 
evaporation.  In  every  case  the  time  occupied  in  boiling,  and  the  strength, 
should  be  mentioned  in  reporting,  for  two  analysts  operating  by  different 
methods  may  differ  as  much  as  6  or  8  per  cent. — the  soluble  matter  not 
being  entirely  removed  for  a  very  long  time.  Since  the  substances  that 
are  at  once  dissolved  are  really  those  upon  which  its  commercial  value 
depends,  it  is  a  question  whether  it  would  not  be  better  simply  to  pour 
boiling  water  on  the  leaves,  let  the  infusion  stand  for  one  hour,  and  then 
estimate  the  extract,  calling  it  extract  of  infusion. 

Any  addition  of  exhausted  leaves  lowers  the  percentage  of  extract. 
The  following  are  some  determinations  of  extract : — 


Per  cent. 

Analysed  by 

Java  tea,  dried, 

35*2 

Peligot 

,,      not  dried, 

32*7 

i> 

Pekoe,  ordinary,  dry, 
„  undriea, 

41*5 
38*0 

1 1 

1 1 

Gunpowder,  dry,  . 

51*9 

ii 

„        undried,  . 

48*5 

i) 

undried,  . 

50*2 
46*9 

ii 

»> 

Moyone  Gunpowder, 

40*7 

Wigner. 

i» 

39  3 

i* 

»• 

38*5 

»» 

»i 

37'9 

»i 

it 

33*3 

Imperial,  dry, 

43*1 

Peligot. 

„      not  dried, 

39*6 

»» 

»     dry^ .  ; 

47*9 

it 

,,      not  dned, 

44*0 

it 

be  diluted  or  concentrated  to  about  1  per  cent  If  this  method  be  applied  to  tea,  it  would 
be  well  to  prepare  some  pure  gallo- tannic  acid  from  tea,  and  to  use  this  substance  for  the 
purpose  of  standardising. 


§241.] 


COMPOSITION  OF  TEA. 


339 


HysoD,  dry,  . 

„  not  dried, 
Hyson  skin,  dry, 

„  not  dried, 
Congou, 

„  dried, 

»  bon, 

,,       ,,  dried, 


Caper,  dried, 
,,    not  dried, 


Assam,  dried, 
,,     not  dried, 

ii     •  • 

Hyson, . 

Moyone  Young  Hy 
Tea  direct  from  China,  dry, 


Indian  tea,  dry,  . 

Broken  Indian, 
Indian  Souchong,  . 
Scented  Orange  rekoe, 
Manuna,  fine, 
Himalayan  Tea, 


Percent 
477 
43  -8 
48-5 
39-8 

36-  8 
40*9 
407 
45-0 
33-0 

29-  8 
29*8 
26" '2 
26-1 
39-3 
36  8 
87-9 
377 
32-4 

30-  0 
45*4 
41-7 
33*3 
36  8 
44-8 
417 
40*2 
41-2 
83*9 
43-8 
43*4 
32-5 
34*2 

37-  0 

38-  6 
85*4 


Analysed  by 

Peligot. 


Wigner. 

91 
II 
II 

Peligot. 

91 

Wigner. 
ii 
ii 
ii 

Peligot. 
ii 

Wigner. 
ii 

Wanklyn. 


A.  Wynter  Blyth. 
Wigner. 


Wanklyn. 


TABLE  XXV. 


Zollbr. 

Hodges. 

ZOLLER. 

WlQNER. 

Ash  of 
fine  young 
Himalaya 
Tea. 

Tea  from 
Cachar 
(indigen- 
ous). 

Tea  from 
Cachar 
(hybrid). 

Exhausted 
Tea 
Leaves. 

Ash  of  a 
number  of 

Mixed 
Black  Teas. 

Ash  of  a 

number  of 

Mixed 
Oreen  Teas. 

Potash, 
Soda, 

Magnesia,  . 
Lime, 

Oxide  of  iron,  . 
Manganous  oxide, 
Phosphoric  acid, 
Sulphuric  acid,  . 
Chlorine,  . 
Silica  and  sand, . 
Charcoal,  . 
Carbonic  acid,  . 

39-22 

0-  65 
647 
4-24 
4-38 

1-  03 
14*55 
trace. 

0*81 
1-35 

24-80 

35-200 

4-  328 
4*396 
8*986 
2-493 

1-  024 
18*030 

5-  040 
8-513 
0-500 

2-  900 
13-590 

37-010 
14-435 
5-910 

5-  530 
2*463 

0-  800 
9-180 

6-  322 
2-620 

1-  300 
1-880 

12-600 

7-34 

0-  59 
11-45 
10-76 

9-63 

1-  97 
25-41 
trace, 
trace. 

7-57 

25-28 

30-92 
1-88 

4 '88 

170 
li-60 

28-42 
2-08 

5-  66 
7-50 

6-  43 

Percentage     of  ) 
total  ash  sol-  > 
uble  in  water,  ) 

100-00 

100-00 

100-00 

100-00 

57-00 

52*85 
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Since  the  extract  of  genuine  tea  appears  to  vary  from  26  per  oent.  up 
to  more  than  50  per  cent.,  it  is  unfortunately  of  no  very  great  value  .for 
purposes  of  valuation.  The  extract,  after  being  weighed,  is  burnt  up  to 
an  ash,  which  will  always  be  found  to  be  heavy,  rich  in  alkaline  salts,  and 
varying  usually  from  4  to  7  per  cent. 

§  242.  The  Ash. — The  percentage  of  total  ash  is  taken  by  burning  up 
1  to  5  grms.  of  the  tea  in  a  platinum  dish.  The  leaves  readily  ignite,  and 
the  operation  may  take  place  at  a  very  low  temperature,  so  that  there  is, 
with  care,  very  little  volatilisation  of  chlorides.  The  comparative  com- 
position of  the  ash  of  fresh  and  of  exhausted  tea  leaves  is  shown  in  Table 
XXV. 

The  ash,  on  being  cooled  and  weighed,  is  next  boiled  up  with  a  little 
water,  the  soluble  portion  filtered  from  the  insoluble,  and  washed  in  the 

TABLE  XXVII. 


Avenge  of  17  ordinary 
Teas  from  original  chest, 
consisting  of  2  Indian, 
12  Congous,  2  Gun- 
powders, and  1  Hyson, 
Maximum,  . 
Minimum  . 

Average  of  25  special  Teas, 
Maximum 
Minimum 

Genuine  Indian  Tea,  . 

Common  Tea,  . 

Paraguay  Tea,  . 

Average  of  7  Teas, 

„       9  „ 
Horninian's  p.  black, . 

„  green,. 
Ambrosial  black, 
Genuine  black,  2s.  6d.  lb., 


3s.  lb., 
Broken  leaf,  with  stalks,  . 
Caper  (4*8  silica), 
Mixed  dryexhausted  leaves  1 
from  various  Teas, .  / 
Coffee  leaves, 
Beech, 
Bramble,  . 
Raspberry, 
Hawthorn, 
Willow,  . 
Plum, 
Elder, 
Gooseberry, 


!1 

it 


575 


6  03 
5-53 
5  95 
7-02 
5-17 
5-01 
592 
6*28 
575 
5*66 
5*30 
5-60 
5-60 

5-  60 
570 

6-  02 
6*34 

3-  10 
575 
5-50 
5*40 

11-40 

4-  30  ; 

10*32 
4*52 
4*53 

7-  84 
8*05 
9-34 
9*90 

10-67 
13-50 


all 


307 


3  35 
275 
3-33 

3-  88 
2-64 

2-  90 
3  55 

4-  22 

3-  00 
3-50 
3-80 
3-40 
3-09 
3-28 
3  26 
3-20 
3-96 
3-06 

3-  55 
2-80 

1-  50 

0*52 

377 

2-  00 
1-84 
172 
378 

4-  16 
5*66 

3-  19 
7-88 


3« 


2*25 


2-87 

1-  99 
2  09 

2-  68 
1-33 


0-43 


076 
0*15 

0-  53 

1-  67 
0-04 


I 


1-38 


1-88 
1-17 
1-88 
1-96 
1-08 


Authority. 


G.  W.  Wigner. 


A  Wynter  Blyth. 
Wanklyn. 

A.  Wilson. 
A.  H.  Allen. 


Wanklyn. 
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ordinary  way.  The  nitrate  is  evaporated  to  dryness,  very  gently  ignited, 
and  returned  in  percentage  as  soluble  ash.  The  insoluble  portion  is  next 
treated  with  acid,  and  the  remaining  sand  dried,  ignited,  and  weighed. 
The  alkalinity  of  the  soluble  portion  should  also  be  taken,  and  may  be 
returned  as  potash.  This  simple  examination  of  the  ash,  consuming  very 
little  time,  gives  tolerably  well  all  the  information  afforded  by  a  complete 
and  exhaustive  analysis.  The  table  (XXVII.)  shows  a  few  percentages  of 
ash,  and  may  be  compared  with  the  percentages  of  the  ashes  of  beech, 
bramble,  and  others. 

All  the  analyses  hitherto  published  show  that  the  percentage  of  ash  in 
genuine  tea  never  reaches  8  per  cent.  An  ash  beyond  8  per  cent.,  cal- 
culated on  the  dried  tea,  is  certainly  adulterated.  In  the  same  manner, 
all  genuine  tea  possesses  a  soluble  ash  not  less  than  3  per  cent. 

Mr.  John  White 1  has  given  some  analyses  of  the  ash  of  adulterated 
Caper  teas  as  follows : — 

TABLE  XXVIII. 


Total  Ash. 

Ash  soluble 
in  Water. 

Ash  Insoluble 
in  Water. 

Ash  insoluble 
in  Mineral 
Acid. 

(1) 

12*20 

2-76 

9*44 

5-66 

(2) 

11-34 

279 

8-55 

4*66 

(3) 

11*31 

284 

8-47 

5-10 

(4) 

9-90 

3-24 

6*66 

4-40 

(5) 

9*88 

2-98 

6*90 

3-84 

(6) 

13-47 

2-80 

10-67 

6-26 

He  suggests  on  these  analyses  that  the  limit  for  sand  in  the  ash  of  tea 
might  be  fixed  at  3  per  cent. 

§  243.  Determination  of  Gum. — If  it  is  necessary  to  determine  the  gum 
in  tea,  as  sometimes  happens,  the  aqueous  decoction  should  be  evaporated 
nearly  to  an  extract,  and  the  residue  treated  with  methylated  spirit* 
filtered,  and  washed  with  the  spirit.  The  gum  is  dissolved  off  the  filter  by 
the  aid  of  hot  water,  and  the  solution  evaporated  to  dryness,  and  weighed ; 
it  is  then  ignited  to  an  ash,  and  the  mineral  deducted  from  the  total 
weight.2 

§  244.  General  Review  of  the  Adulterations  of  Tea. — The  most  frequent 
are,  certainly,  the  addition  of  sand,  generally  strongly  impregnated  with 
iron,  the  addition  of  foreign  and  exhausted  leaves,  and  the  addition  of 
astringent  principles,  such  as  catechu,  etc.  All  these  adulterations  must 
take  place  abroad,  there  being  no  evidence  that  a  single  hundredweight  of 
tea  has  been  tampered  with  in  England, — the  blame  may  lie  with  the 
home-traders,  but  proof  is  wanting.  On  the  other  hand,  it  not  un- 
frequently  happens  that  cargoes  of  tea  recovered  from  sunk  vessels,  or  teas 
damaged  in  some  other  way,  are  sold  and  blended  by  wholesale  manufac- 
turers with  those  that  are  genuine.  Such  samples  contain  usually  an 
excess  of  salt,  and  show  more  or  less  evidence  of  the  addition  of  exhausted 
leaves. 

1  Analyst,  May  1899. 

*  H.  Hager  is  {Pharm.  Central.  Halle,  1879,  258)  the  author  of  a  general  process  of 
analysis,  which  possesses  some  good  points :  10  grms.  of  tea  are  infused  in  100  c.c.  of 
warm  water,  and  allowed  to  stand  for  two  days ;  the  solution  is  poured  off,  and  another 
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The  facing  of  tea  is  rapidly  decreasing.  There  has  been  much  dispute 
as  to  whether  this  is  to  be  considered  an  adulteration  or  not ;  a  thin  film 
of  graphite,  or  any  other  harmless  substance,  in  such  quantity  as  to  add 
no  appreciable  weight,  can  hardly  be  called  adulteration.  Each  case,  how- 
ever, must  be  judged  of  by  its  merits.  A  small  addition  of  such  a  sub- 
stance as  catechu,  to  impart  astringeucy,  is  probably  frequent,  and  difficult 
of  detection.  Any  amount  present,  to  the  extent  of  3  per  ceut.  or  over,  is 
shown  by  precipitating  an  infusion  of  the  tea  with  a  slight  excess  of 
neutral  lead  acetate,  filtering,  and  adding  a  little  dilute  ferric  chloride 
solution.  If  catechu  be  present  there  is  a  bright-green  colour,  and  ulti- 
mately a  precipitate  of  a  greyish-green  colour.  [See  also  Hager's 
method.2]  The  same  infusion  filtered  from  the  lead  precipitate  gives 
a  copious  precipitate  with  argentic  nitrate.  Mr.  Allen  has  pointed  out 
one  advantage)  of  the  lead  process  in  cases  of  adulteration  with  catechu, 
catechuic  acids  possessing  a  precipitating  power  so  widely  different  from 
that  of  tannin,  that,  if  reckoned  as  tannin,  there  are  always  anomalous 
results. 

Soluble  iron  salts,  alkaline  carbonates,  and  other  substances,  are  stated 
to  be  occasionally  added,  but  no  conviction  relative  to  these  appears  to  be 
on  record.  The  soluble  iron  salts  may,  of  course,  be  dissolved  from  the 
tea  leaves  by  a  little  cold  dilute  acetic  acid,  and  the  liquid  tested  in  the 
usual  way ;  there  is  then  no  confusion  between  the  iron  naturally  present 
and  that  added. 

§  245.  Bohemian  Tea.1 — It  would  seem  that  for  some  time  there  has 
been  cultivated  in  Bohemia  the  Lithospermum  officinale,  the  common 
*  Gromwell '  of  our  country,  and  the  leaves  have  been  dried  and  sold  as 
Thea  Chinensi*,  under  the  name  of  '  Bohemian  Tea/  They  have  also  been 
used  for  the  purpose  of  adulterating  Chinese  tea.  The  4  Gromwell '  is  a 
plant  belonging  to  the  borage  order,  growing  in  dry  and  stony  places,  from 
a  foot  to  a  foot  and  a  half  high.  The  flower  is  greenish-yellow,  the  stem 
erect  and  branching,  and  the  leaves  are  lanceolate,  hairy  beneath,  with 
bulbous  adpressed  bristles  above.  They  are  totally  unlike  tea  leaves,  and  the 
hairiness  itself  would  be  diagnostic  of  a  leaf  other  than  that  of  tea.  The 
chemical  composition  is  also  entirely  different.  The  mineral  constituents 
are  excessive,  and  there  is  neither  any  alkaloid  nor  any  essential  oil. 

The  average  composition  of  '  Bohemian  Tea '  is  as  follows : — 


Cellulose,   5  96 

Tannin   8 '25 

Fat   9-29 

Other  nitrogen-free  organic  substances,  .             .  26*49 

Albuminous  matters,   24*54 

Ash   20-60 

Water,   4*86 


100  c.c.  of  water  added  to  the  partially-exhausted  leaves,  which  are  then  unrolled  and 
botanicallv  examined.  50  c.c.  of  the  solution  are  evaporated  to  dryness ;  10  c.c.  of  the 
solution  should  give  no  turbidity  in  the  cold  when  an  equal  volume  of  alcohol  is  added. 
For  the  estimation  of  theine,  10  grms.  of  tea,  3  grms.  of  sodic  carbonate,  and  8  grms.  of 
litharge  are  made  into  a  paste  with  10  grms.  of  water  dried  up  and  extracted  with 
chloroform.  For  the  special  detection  of  catechu,  '1  grm.  of  tea  is  extracted  by  100  c.c. 
of  boiling  water.  This  solution  is  boiled  with  excess  of  lead  oxide,  and  the  filtrate 
(which  must  be  clear)  mixed  with  a  solution  of  silver  nitrate.  Pure  tea  gives  only  a 
slight  grey-black  deposit  of  metallic  silver,  but  tea  adulterated  with  catechu  a  strong 
yellow  flocculent  precipitate. 

1  A.  Relohouben:  Chem.  Centralbl,  1880,  p.  152. 
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Mate. 


§  246.  "The  Mate,  or  Paraguay  Tea  Tree  (Ilex  parwjuayensis),  is  a 
small  tree,  belonging  not  to  the  family  of  the  Iliciie,  as  stated  by  some, 
but  to  the  Celcut'rinefP ;  it  reaches  in  height  ordinarily  4  or  5  metres,  some- 
times 7.  Its  trunk  is  about  20  cm.  in  circumference,  and  is  covered  by  a 
whitish  bark.  The  leaves  are  oblong,  cuneitVrm.  obtuse,  and  finely  dentate. 
It  has  ancillary,  multipartite  peduncles,  calyx  tetrasepalous,  the  corolla 
with  four  petals  in  the  form  of  a  crown,  style  none,  stigma  4-lid,  fruit  a 
four-celled  berry.  The  plant  grows  very  abundantly  in  Paraguay,  North 
Corrieiites,  Chaco,  and  South  Brazil,  where  it  forms  woods  called  '  Yerboles.' " 

In  the  Spanish  Republic  three  different  sorts  of  mate  are  sold : — 
1.  Caa-cuy  or  caa-cuip.  which  consists  of  the  new  leaves  and  scarcely 
developed  shoots.  2.  Caa-niirim,  the  leaves  separated  from  the  twigs  and 
stalks  (the  midrib  of  the  leaf  is  also  removed).  3.  Caa-guacu  or  Jerva  de 
Palos,  large  old  leaves  with  twigs  and  fragments  of  wood. 

The  microscopical  structure  of  the  leaves  is  fairly  characteristic,  the 
upper  surface  of  a  mate  leaf  is  seen  to  be  built  up  of  thin-walled  wavy 
cells,  *05  mm.  (*002  inch)  in  diameter,  the  cuticle  is  thick  and  wrinkled, 
the  under  surface  has  similar  cells,  but  the  contour  is  still  more  wavy, 
while  it  is  only  the  cuticle  over  individual  cells  which  shows  fine  wrinkles. 
The  number  of  stomata  is  extremely  great,  being  about  12  to  the  square 
i:*iliimetre.  the  stomata  are  nearly  circular,  and  but  1)3  mm.  (*001  inch) 
in  diameter.  Here  and  there  may  be  found  glands  with  reddish  contents 
The  leaf  on  section  may  present,  a  little  below  the  upper  epidermis,  cells 
filled  with  oxalate  of  lime  crystals,  but  has  no  other  special  peculiarity. 

Mate  is  prepared  in  Paraguay  thus : — The  entire  trees  are  cut  down, 
and  the  small  branches  and  shoots  are  taken  with  the  leaves,  and  placed 
in  the  tartar ucl,  a  plot  of  earth  about  6  feet  square,  surrounded  by  a  fire, 
where  the  plant  undergoes  its  first  roasting.  From  thence  it  is  taken  to 
the  barbarucL,  or  grating  supported  by  a  strong  arch,  underneath  which 
burns  a  large  fire.  Here  it  is  submitted  to  a  particular  torrefaction. 
determined  by  experience,  which  develops  the  aromatic  principle.  Then 
it  is  reduced  to  a  coarse  powder  in  mortars  formed  of  pits  dug  in  the  earth, 
and  well  rammed.  It  is  next  put  into  fresh  bullock  skins,  well  pressed, 
and  placed  in  the  sun  to  dry.  The  packages  (/^  wi  thus  obtained  weigh 
from  90  to  100  kilograms,  and  have  an  average  commercial  value  of  1  to 
2  dollars  the  kilogram. 

Senor  Ante  gives  an  analysis  of  mate — 


Organic  combustible  substances, 


I l  >j  pfcrv 
&1**$5 
S3I5 


TW 


12-844 
11*3*5 

J-9S4 
2-500 
3*410 
0*t?26 
0-716 
5*540 
SI50 
44*754 
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The  enormous  relative  quantity  of  sand  is  a  result  of  the  mode  of 
preparation  in  excavations  made  in  the  soil.    The  plant  contains — 


Principles  soluble  in  ether   9  820 

,,          „         alcohol,       ....  8 '432 

,,         water,   26*208 

„         water  acidulated  with  HC1,  .  7*260 

,.         ,,         in  solution  of  caustic  soda,   .  16*880 

Cellulose   13  280 

Water,   9  000 

Sand,  .    9*120 


100*00 

T.  Peckolt  (Pharm.  Journ.  Trans.  [3],  xiv.,  121-124)  has  analysed 
the  fresh  leaves  of  Ilex  paraguayensis  from  the  Orgu  mountains  in 
Neufreeburg  with  the  following  results  : — 

Per  1000 
(Leavei  limply  air  dried). 


Stearoptene,   '021 

Volatile  oil  extracted  by  ether,    ....  '099 

Fat  and  wax,   19*800 

Green  colouring-matter,   10*900 

Chlorophyll  and  soft  resin,   20*966 

Brown  acid  resin,   48*500 

Theine   6*398 

Bitter  extractive  matter,   2*033 

Sugar,   39*266 

Extractive  matter  and  organic  acids,    .      .       .  8*815 

Mat£,  tannic  acid  (pure),   27*472 

Mat4,  viridic  acid  (crystalline),    ....  '024 

Albumen,  dextrin,  salts,   47*660 

Cellulose   166*600 

Moisture,   601  '356 

He  has  also  analysed  Parana  leaves  and  mate  as  follows : — 

Air-dried  leavei 

from  which  mat*  In  commercial 

is  prepared.  mate. 

Per  1000.  Per  1000. 

Volatile  oil  extracted  by  ether,     .         '179  *026 

Theine,                                          16*750  5*550 

Chlorophyll  and  soft  resin,  .      .       51*200  16  *755 

Brown  acid  resin,              .       .       84*500  25*500 

Mate,  tannic  acid  (pure),     .       .      44*975  16*755 

Mat£,  viridic  acid  (crystalline),    .          *025  *024 

Extractive  matter,      .      .       .       65*130  16*610 

Albumen,  salts,  dextrin,      .       .       36*102  18*159 

Cellulose  and  moisture,       .       .     700  643  908*379 


Theine  averages  1  '3  per  cent.  The  tannin  of  mate  is  peculiar ;  it  does 
not  tan  hides,  and  requires  a  special  method  for  its  estimation  ;  it  amounts 
to  about  1  '6  per  cent.  Mate  also  contains  a  large  quantity  of  a  peculiar 
fatty  matter.  Mate  does  not  exalt  the  peripheric  nerves  like  tea,  nor  the 
cerebric  like  coffee,  but  appears  to  have,  in  some  degree,  a  narcotic  action. 
The  usual  way  of  taking  it  is  by  sucking  it  up  through  a  reed  called  a 
45  bonibilla.' 

MM.  d'Arsenval  and  Couty  have  administered  mate  to  dogs  by  injection 
into  the  stomach.  They  found  it  diminish  the  carbon  dioxide  and  oxygen 
of  the  arterial  and  venous  blood  to  a  considerable  extent,  sometimes  to 
a  third  or  even  half  the  normal  quantity.    This  action,  which  is  less 
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intense  during  digestion,  and  has  no  necessary  relation  to  phenomena  of 
excitation  of  the  sympathetic  nerve-system,  is  somewhat  obscure  as  to 
its  'mechanism';  but  its  existence  proves  directly  the  importance  and 
nutritive  value  of  the  aliment  in  question. 

A  species  of  Bex — viz.,  Ilex  cassiva,  employed  as  a  tea  in  Virginia,  has 
been  analysed  by  M.  Ryland  and  T.  Brown,  who  found 


Volatile  oil  0*011 

Wax  and  fatty  matter,  0*466 

Resin,  3*404 

Chlorophyll,  2*491 

Theine,  0  122 

Tannin,  2*409 

Colouring-matter  soluble  in  alcohol,    ...        4  '844 

Extractive  matter  soluble  in  alcohol,  .  10*149 
Extractive  matter  insoluble  in  alcohol,  4*844 

Amidon  and  pectine,   15*277 

Fibre,   33*8*27 

Ash,  3*995 


Coffee. 

§  247.  The  coffee  berry  is  the  seed  dried,  and  deprived  of  its  fleshy 
coverings,  of  the  Coffea  arabica,  Nat.  Ord.  Cinchonacece.  Before  use  the 
berries  are  roasted  to  a  chocolate  brown,  and  then  ground  in  a  mill. 

Microscopical  Structure. — The  main  portion  of  the  coffee  berry  is  composed 
of  strong  angular,  thick-walled  cells,  the  walls  of  which,  cut  in  radial 


Fig.  52.— Endosperm  of  the     Fig.  53. — Membrane  from  the  coffee  berry,  showing 
coffee  berry,  x  160.  the  peculiar  pitted  and  thickened  cells,  x  160 

(after  Moeller). 


sections,  are  seen  to  possess  a  peculiar  knotty  appearance  (fig.  52),  but  a 
tangential  section  shows  merely  a  network  of  thickened  cells  (fig.  54),  and 
the  knotty  appearance  is  then  not  to  be  seen.    The  thickened  cell-walls 


§  248.] 


COFFEE. 


347 


are  mainly  composed  of  cellulose,  and  are  nearly  entirely  dissolved  by 
ammoniacal  solutions  of  copper  oxide,  and  strike  a  blue  colour  when 
treated  with  the  chloriodide  of  zinc,  or  with  sulphuric  acid  and  iodine. 
The  cells  all  contain  dark-coloured  contents,  and  sometimes  crystals  of 
theine.  When  roasted,  these  characteristics  are  never  entirely  obliterated, 
but  the  cell  walls  are  often  coloured,  and  the  whole  structure  more  difficult 
to  define.  A  thin  tough  Japanese- 
paper-like  membrane  (fig.  53)  may  $ 
be  detached  from  the  berry;  most  ^if^gHfflSHfflk  ° 
of  this  in  grinding  is  separated  from 
its  connections,  but  it  may  always 
be  found ;  it  is  composed  of  a  series 
of  spindle-shaped  fibres  attached  to 
a  thin  membrane ;  the  fibres  in  the 
undeveloped  seed  form  a  continuous 
sheet,  but  in  older  berries  they  are 
separated. 

Besides  these  elements  there  is 
a  small  embryo  composed  of  the  Fw.  54.— Coffee  tiasue,  x  170. 

usual  regular,  oval,  tender-walled 

embryonic  cells.  These  are  so  different  from  the  usual  coffee  tissues,  that 
they  might  be  mistaken  for  foreign  substances,  but  of  course  the  quantity 
in  ground  coffee  of  embryonic  tissue  is  very  small  indeed,  and  is  detected 
but  rarely. 

The  microscopical  structure  described  above  separates  and  distinguishes 
coffee  at  once  from  all  other  known  berries  or  seeds,  while  the  tissues  of 
roots,  such  as  chicory  (consisting  of  loose,  thin- walled,  vegetable  cells,  with 
a  greater  or  less  admixture  of  large  spiral  vessels),  are  entirely  different, 
and  may  be  said,  indeed,  to  be  built  on  a  different  plan. 

To  investigate  the  ground  coffee  microscopically,  it  is  best  to  examine 
with  a  low  power  a  little  in  a  watch-glass,  and  then  to  remove  those 
portions  which  are  most  transparent ;  if  necessary,  still  further  clearing 
them  up  by  soaking  in  a  strong  solution  of  potash,  and  teasing  them  out 
by  the  aid  of  a  needle.  It  is  also  quite  practicable  to  cut  sections  of 
fragments  of  coffee  held  firmly  between  two  pieces  of  cork,  or  embedded  in 
sealing-wax. 

§  248.  Cliemisal  Changes  during  Roasting. — The  effect  of  roasting  is  to 
drive  off  a  large  quantity  of  water,  to  volatilise  a  small  quantity  of  theine, 
to  change  a  portion  of  the  sugar  into  caramel,  to  rupture  the  cell-layers 
containing  fat  and  albumen,  and  to  swell  the  berry  by  the  extrication  of 
gases,  consisting  mainly  of  carbon  dioxide.  There  is  also  developed  a 
fragrant  aromatic  substance,  a  single  drop  of  which  is  sufficient  to  scent 
a  large  room  with  the  peculiar  coffee  odour ;  the  best  temperature  for  the 
production  of  this  aroma  is  210°  C.  That  during  roasting  there  is  an 
actual  loss  of  theine,  is  easily  proved  by  holding  a  glass  plate  over  the 
heated  berries ;  in  a  very  little  time  crystals  of  theine  condense.  Tenneck 
found  in  uu roasted  coffee  *75  per  cent.,  and  in  the  same  roasted,  '42  per 
cent,  theine.  It  would  appear  that  roasted  coffee  gives  up  more  to  water 
than  does  raw  coffee ;  for  Cadet  found  that  beans  roasted  to  a  light  brown 
yielded  to  water  12  3  per  cent.  ;  to  a  nut-brown,  15*5  per  cent. ;  and  to  a 
dark-brown,  21*7  per  cent.  Vogel  also  gives  the  soluble  matters  in  raw 
coffee  as  28  per  cent. ;  and  in  roasted,  39  per  cent.  The  amount  of  sugar 
changed  is  always  considerable;  thus  Graham  and  Stcnhouse  found  the 
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37° '5  C,  and  becomes  rancid  on  exposure  to  the  air.  According  to 
Rochleder  (Wien  Akad.  Ber.t  xxiv.,  40),  it  contains  the  glyceride  of 
palmitic  acid  and  of  an  acid  of  the  composition  C12H2402. 

C.  0.  Cech  i  exhausted  50  lbs.  with  alcohol  and  ether,  and  obtained 
1200  grms.  of  a  thick  green  fluid  oil,  and  after  a  time  fine  crystals  of 
theine  separated.  After  six  months  the  oil,  although  in  closed  flasks, 
began  to  be  turbid,  and  gradually  little  groups  of  crystals  separated  and 
sank  to  the  bottom.  After  the  lapse  of  three  years,  the  flask  was  found 
to  be  about  two-thirds  filled  with  crystals  of  the  more  solid  fats,  but  the 
upper  layer  was  beautifully  green. 

There  are  also  citrates,  and  probably  other  organic  acids  and  nitrates 
in  coffee.  J.  Buig  found  in  raw  dry  coffee  -054  per  cent,  of  nitrate  of 
potash,  in  roast  '04 1  per  cent. 

The  following  table  gives  the  general  composition  of  various  commercial 
varieties  of  coffee : — 


Gummy 
Matter. 

Tholno. 

Fat. 

Tannic 

and 
Caffeo- 
tannic 
Acids. 

Ash. 

Phoa- 

j  Potash,  phorfc 
|  Add. 

Finest  Jamaica  Plantation, 

25*3 

1-43 

1476 

22-7 

33-8 

3*8 

1-87 

0-31 

Finest  Green  Mocha, 

22*6 

0*64 

21*79 

23  1 

29-9 

4-1 

2-13 

0-42 

Ceylon  Plantation,  . 

23*8 

153 

14*87 

20*9 

36*0 

4-0 

0-27 

Washed  Rio,  . 

27*4 

1*14 

.  15-95 

20-9 

32  5 

4*5 

0-51 

Costa  Rica, 

20*6 

1-18 

21-12 

21-1 

33*0 

4-9 

0-46 

Malabar, .... 

25*8 

0-88 

18-80 

20*7 

31*9 

4  3 

0*60 

East  Indian,  . 

24*4 

1-01 

17-00 

19*5 

86-4 

Some  analyses  by  DragendorfF  of  Mocha,  Preanger,  Ceylon,  Malabar, 

Mysore,  Java,  and  other  coffees  (twenty-five  in  all)  give  the  following 
results : — 

Maximum    Minimum  Mean 

per  cent  per  cent.     per  cent. 

Theine,  2*21  0*64  1*16 

Ash,                                        4-87  3*83         4  "41 

Phosphoric  Acid,  .      .      .      0*72  0*28  0*42 

The  carbo-hydrates  of  coffee  have  been  partially  investigated  in  the 
chemical  laboratories  of  the  U.S.  Department  of  Agriculture.  Cane  sugar 
is  the  chief  soluble  hydrocarbon.  By  hydrolysis  the  insoluble  hydro- 
carbons yield  galactose;  and  by  distillation  with  hydrochloric  acid, 
abundance  of  furfuraldehyde  was  obtained,  indicating  the  presence  of  a 
pentose-yield ing  substance.  By  treating  the  substances  insoluble  in  water 
with  5  per  cent.  NaOH  solution,  and  precipitating  with  alcohol,  a  gummy 
substance  was  obtained.  The  gum  yielded,  by  suitable  treatment,  galactose 
and  furfuraldehyde. 

One  of  the  chief  constituents  of  the  coffee  berry  is  stated  by  Mr.  Baker  2 
to  consist  of  a  manno-arabinose  or  manno-xylose,  which,  on  hydrolysis,  yields 
mannose  in  quantities  of  from  80  to  90  per  cent. 

§  250.  Analysis  of  Cofee— Specific  gravity. — The  chemists  of  the 
Municipal  Laboratory,  Paris,  lay  stress  upon  a  determination  of  the  density 

1  Jour*,  fur  prat.  Chcmie,  xxii,  398. 
*  Analyst,  xxvii.,  April  1902,  116. 
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of  the  powdered  coffee,  considering  that  it  is  of  special  value  in  showing 
artificial  moistening  of  the  berries.   The  density  is  determined  in  Regnault's 


volumemometer  modified  by 
M.  Dupre\  This  apparatus 
consists  of  a  vertical  cylinder, 
V  (fig.  55),  closed  by  means 
of  discs  of  ground  glass 
made  tight  by  screws,  E 
and  E;  this  cylinder  com- 
municates by  means  of  a 
narrow  tube  with  a  glass 
syphon  having  a  bulb  of 
known  capacity,  U ;  the  long 
limb  of  the  syphon,  T,  is 
open  to  the  air,  graduated; 
at  the  bend  of  the  syphon  a 
third  tube  is  let  in,  com- 
municating with  a  mercury 
reservoir,  B,  and  having  an 
air  trap,  r ;  the  whole  is 
fixed  on  a  wooden  stand  (see 
fig.  55) ;  the  tube  has  a 
mark  below  the  bulb,  U, 
and  also  a  mark  just  where 
it  joins  the  narrow  tube  lead- 
ing to  the  cylinder.  50  or 
100  grms.  of  the  coffee 
are  introduced  into  V.  The 
cylinder,  by  means  of  the 
screws  and  a  little  vaseline, 
is  made  air  tight.  The 
stop-cock,  R,  is  opened  so  as 
to  put  V  in  communication 
with  the  atmosphere.  The 
reservoir  is  raised  so  as  to 
bring  the  mercury  on  a  level 
with  the  lower  mark,  and  the 
barometric  pressure  noted  (h) 
on  a  barometer.  The  stop- 
cock, R,  is  then  closed,  and 
the  reservoir  raised  until  the 
mercury  coincides  with  tho 
higher  division,  and  the  differ- 
ence in  height  of  the  mercury 
in  the  two  tubes  noted  (H). 
The  volumes  of  V  and  U 
are  first  aud  once  for  all 
determined. 

To  make  a  measurement 
proceed  as  above,  and  take 


Fio.  55. — Regnault's  volumemometer 
(Dupre^s  form). 


the  height  of  the  mercury  in  a  barometer  placed  near  the  instrument ; 
this  may  bo  called  h.  If  V  =  the  volume  of  the  vertical  cylinder, 
v  =  the  volume  of  the  smaller  bulb,  and  H  the  difference  in  height  of  the 
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mercury  in  the  manometer  tube ;  then  the  volume  u  is  obtained  by  the 
following  formula : — 

u  =  V  -  v-g 

and  if  w  =  weight  of  coffee  and  d  =  density,  then  (u  being  the  volume  of  coffee) 

u 

or  by  replacing  the  value  of  u  from  the  first  equation,  the  complete  formula 
becomes 

To  give  an  actual  example : — 100  grms.  of  unroasted  green  coffee  are  taken  : 
7i  =  75*5  cm.;  H  =  275  cm.;  V  =  230*l  c.c;  i?  =  54*5  c.c. 

then 

u  =  230-1  -  54'52yJ5'5  «  230-1  -  149-63  =  8047. 

The  density  therefore  equals  qq^j  =  1'2427. 

An  accurate  estimate  of  volume  of  a  weighed  portion  of  coffee  or  other 
powdered  substance,  and  therefore  of  density,  may  be  made  with  ordinary 
laboratory  appliances  as  follows : — A  suitable  small  flask  provided  with 
ground  stopper  and  stop-cock  is  clamped  on  to  the  mercury  pump,  and  the 
air  it  contains  pumped  out,  measured,  and  reduced  to  760  mm.  and  0°  C. 
A  sample  of  the  substance  is  next  weighed  and  introduced  into  the  flask. 
The  flask  now,  of  course,  contains  less  air.  The  air  is  again  pumped  out 
and  measured,  the  measurement  being  reduced  as  before  to  normal 
temperature  and  pressure.  By  dividing  the  weight  of  the  substance  by 
the  difference  in  the  air  volume  of  the  empty  and  the  charged  flask  the 
density  is  obtained. 

The  great  advantage  of  determinations  of  density  by  such  means  as  the 
foregoing,  as  compared  with  ordinay  determinations  of  density  by  means 
of  the  displacement  of  various  liquids,  is  that  there  is  neither  waste  nor 
alteration  of  the  substance. 

The  experiments  of  the  French  chemists  have  given  as  a  minimum  for 
green  coffee  a  density  of  1*041,  a  maximum  of  1*368 ;  for  roasted  coffee,  a 
minimum  of  0*500,  and  a  maximum  of  0*635 ;  a  very  high  roasting  will, 
however,  give  less  than  0*500.  The  density  taken  in  this  way  is  also 
stated  to  indicate  factitious  coffees. 

The  hygroscopic  moisture,  theine,  gum,  astringent  principles,  and  ash 
are  all  determined  precisely  as  in  the  case  of  tea.  According  to  the 
chemists  of  the  Paris  Municipal  Laboratory  the  hygroscopic  moisture  in 
green  coffee  should  not  exceed  12  per  cent.,  in  roasted  3  per  cent. 

The  coffee  fat  may  be  conveniently  estimated  by  putting  a  known  quan- 
tity in  the  fat-extraction  apparatus  figured  at  page  50 ;  the  best  solvent  to 
use  will  be  petroleum  ether,  since  it  has  less  solvent  action  on  the  theine 
than  ether.  When  the  process  is  finished,  the  petroleum  is  evaporated  to 
dryness  in  a  tared  dish.  As  thus  obtained,  the  fat  is  almost,  but  not 
quite,  pure. 
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Adulterations  op  Coffbb  and  their  Detection. 


§251.  The  sophistications  of  coffee  are  numerous;  chicory,  roasted 
cereals  of  all  kinds,  wheat,  rye,  buck-wheat,  potato  flour,  mangel-wurzel, 
acorns,  lupine  seeds,  ground  date-stones,  caramel,  and  various  leathery  seeds 
have  all  been  detected.  Coffee  damaged  by  sea-water  is  also  commonly 
washed,  first  with  water,  then  with  lime  water,  dried  and  roasted,  or 
sometimes  coloured  with  an  azo  dye  to  give  it  a  bright  appearance. 

Imitation  coffees  or  coffee  substitutes  are  manufactured  on  a  large  scale 
in  America,  Hamburg,  and  also  in  this  country.  Wiley  has  given  a  useful 
list  of  imitation  coffees  which  have  been  examined  in  the  laboratory  of  the 
U.S.  Department  of  Agriculture;  the  list  comprises  the  following  mix- 
tures which  were  pressed  and  moulded  into  berries  or  pellets  : — 1 

Coffee,  bran,  molasses. 
Wheat  flour,  coffee  and  chicory. 
Wheat  flour,  bran  and  rye. 
Chicory,  peas  (or  beans),  barley. 
Wheat,  oats  and  buckwheat. 
Wheat  flour  and  sawdust. 

Hulls  of  leguminous  seeds  formed  into  granules  with  molasses  and  roasted. 
Pea  hulls  and  bran. 

Dr.  Bernard  Dyer  2  has  made  some  careful  analyses  of  chicory ;  he  finds 
che  moisture  varies  from  1  to  4  per  cent.,  and  gives  the  following  per- 
centage data  of  1 1  samples  of  chicory  carefully  dried : — 


TABLE  XXX.— Chicory. 


Chicory  nibs  and  medium  j 
roast,  i 
Chicory  nibs  and  dark  roast, 
G  round  chicory . 

it 

»» 

t » 


tt 
tt 


Total 
insoluble 
In  Water. 

Ether 
Extract 

N. 

22*40 

2  57 

1-53 

50-30 

1-43 

1-67 

22-27 

2-17 

1-33 

21-50 

1-90 

1-34 

85-50 

3-43 

1-50 

87*80 

3-87 

1-52 

22-77 

3-17 

1-26 

22-60 

3-67 

1-23 

23  50 

2-60 

1-29 

22-50 

2-60 

1-29 

22  63 

2-57 

1-29 

Total 
Ash. 

Soluble 
Ash. 

Sand. 

4*63 

2-50 

070 

4-70 

2-99 

0*30 

5-53 

2-43 

1-43 

5*23 

2-07 

1-43 

5-13 

2-57 

077 

8-23 

1-60 

3  97 

5-13 

3-80 

1-60 

573 

3-23 

1-63 

5-63 

2-97 

1-47 

6*83 

3  22 

1-47 

5-70 

2-80 

1-47 

It  may  be  stated  generally  that  such  adulterations  are  best  detected  by 
a  microscopical  examination,  but  that  they  usually  also  present  marked 
chemical  differences,  being  for  the  most  part  deficient  in  theine,  high  in 
sugar,  low  in  fat,  and  having  high  aqueous  extracts.    The  general  percent- 

1  U.S.  Dep.  of  Agriculture,  Div.  of  Chem.,  Bull,  No.  13. 

2  Analyst,  Sept.,  1898. 
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age  composition  of  various  imitation  berries,  as  given  by  various  chemists, 
is  summarised  in  the  following  table  : — 


TABLE  XXXa.—  Imitation  Coffee  Beans. 


1 

1 

C.  Kornauth. 

Xii.  v  riCKc. 

Barley. 

Coffee. 

Water, 

5*14 

1-46 

3  45 

6-41 

Albuminoids, 

1075 

17*90 

13*93 

9-38 

10-56 

Fat,  .... 
Cellulose,  . 

2-19 

2-03 

3*80 

3-25 

1-04 

3*96 

10*83 

15-83 

4-25 

10-56 

Sugar, 

1-99 

0-71 

6*18 

Extractive  matter, 

76V66 

64-04 

63*30 

70-13 

68-36 

Aqueous  extract, 

29*88 

24-85 

21-53 

31-20 

34-37 

Theine, 

0-94 

0-07 

Glucose  formed  on  boil- 

ing with  HaS04, 

50-02 

69-28 

67  19 

Microscopical  Detection  of  Adulterations  in  Coffee. — A  practical,  though 
not  a  scientific,  distinction  of  substances  used  for  the  adulteration  of  coffee, 
is  to  divide  them,  for  microscopical  purposes,  into  two  classes,  the  hard  and 
the  soft.  If  ground  coffee  is  sprinkled  on  water,  and  allowed  to  soak 
for  a  little  time,  there  is  scarcely  a  particle  which  does  not  feel  resistant 
or  hard  when  rubbed  between  the  fingers,  the  only  soft  portions  of  the 
coffee  berry  being  the  embryo,  and  this  is  so  insignificant  in  quantity  that 
it  is  not  likely  to  cause  embarrassment.  The  soft  substances  which  have 
been  used  to  adulterate  coffee  are  chicory,  figs,  dandelion  roots,  and  portions 
of  the  fruit  of  the  ceratonia  or  carob-bean ;  while  the  hard  substances  are 
vegetable  ivory,  date-stones,  acorns,  and  other  hard  seeds. 

The  soft  tissues  of  the  roots  of  the  chicory 1  and  dandelion  abound  with 
vascular  bundles,  and  it  is  never  difficult  to  see  the  spiral  and  other  vessels  ; 
similarly,  the  laticiferous  vessels  in  the  tissues  of  the  fig  are  extremely 
distinctive.  In  the  softer  tissues  of  the  ceratonia  or  carob-tree  fruit  are  to 
be  found  large  cells  containing  bodies  which,  at  first  sight,  look  like  starch 
granules,  the  surface  being  in  wrinkles  (see  fig.  56).  They  are  insoluble 
in  water,  alcohol,  and  dilute  sulphuric  acid.  The  characteristic  test  is, 
however,  that  they  strike  a  blue  or  violet  colour  with  a  warm  solution  of 

i  Chicory  is  so  readily  detected  that  we  scarcely  require  a  direct  chemical  test.  A. 
Franz  has,  nowever,  pointed  out  that  an  infusion  of  coffee,  when  treated  with  copper 
acetate  and  filtered,  yields  a  greenish-yellow  filtrate ;  an  infusion  of  coffee  containing 
chicory  yields,  when  similarly  treated,  a  dark  red-brown  filtrate.—  A rch.  Pharm.  [5],  ix., 
298-302. 

A  method  of  detecting  chicory  has  been  described  by  C.  Husson.  According  to  the 
latter,  the  chicory  is  often  prepared  by  roasting  with  rancid  fat.  He  discovers  this  by 
putting  in  a  flask  10  grms.  of  chicory  with  50  grms.  of  glycerin  and  20  drops  of  hydro- 
chloric acid,  and  the  mixture  is  boiled  and  filtered.  The  filtrate  is  added  to  an  equal 
volume  of  ether,  and  placed  in  a  flask  which,  again,  is  put  in  a  bath  with  boiling  water. 
When  pure  ether- vapour  rushes  out  of  the  bottle,  the  vapour  is  lit,  and  under  the  com- 
bined heat,  the  fatty  matter  rises  to  the  surface  of  the  glycerin,  and  is  dissolved  in  the 
ether.  When  the  name  diminishes  in  intensity,  it  is  extinguished,  and  the  ether  allowed 
to  evaporate  spontaneously.  On  exposure  to  cold,  fatty  drops  form  gradually  ;  these  are 
examined  by  the  microscope,  and  are  drops  of  crystalline  fats,  such  as  are  not  yielded  by 
pure  coffee. 
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potash.  And  as  these  bodies  are  widely  distributed  throughout  the  fruit, 
the  test  reacts  with  the  smallest  fragment. 

Finely  ground  date-stones  and  vegetable  ivory  are  not  so  easy  to  detect, 
mainly  because  the  particles  are,  for  the  most  part,  opaque,  and  it  entails 
considerable  trouble  and  some  skill  to  prepare  sections  sufficiently  clear  to 
make  out  the  details  of  structure. 

Vegetable  ivory  is  derived  from  the  Phytelephas  macrocarpa,  and  is  much 
used  for  making  buttons  and  various  other  purposes.  In  the  working  of  the 
ivory  there  is  considerable  waste,  hence  it  may  be  obtained  at  a  very  low 
rate,  being,  indeed,  so  much  refuse.  The  ivory  consists  of  elongated, 
equally  thickened  cells  (see  fig.  57  B),  perfectly  colourless,  and  dotted  all 
over  with  pores ;  the  contents  of  the  cells  are  granular,  and  seem  to  be 
composed  of  a  vegetable  albumen,  with  here  and  there  a  few  drops  of  fat. 
In  sections  of  the  ivory  nut  itself  there  is  also  to  be  seen  a  thin  shell  or 
epidermal  layer  (see  fig.  57,  A)  consisting  of  peculiar  fibres.  The  ends  of 
the  fibres  are  often  thickened  or  clubbed ;  they  are  about  -02  mm.  broad 
and  *2  long,  are  thickened  by  deposit,  and  contain  a  reddish-brown  sub- 
stance. The  largest  fibres  are  on  the  outside  of  the  layer,  while  the  shorter 
fibres  occupy  the  inner  part  of  the  seed  coating ;  the  fibres  arc  interlaced 
or  felted  in  every  direction.  The  seed-coating  bears  a  very  small  proportion 
to  the  vegetable  ivory,  and  is  not  so  likely  to  be  found  as  fragments  of  the 
ivory  itself. 

Date-stones 1  possess  a  very  distinctive  structure.  The  epidermis  con- 
sists of  elongated  cells,  forming,  when  looked  at  from  above,  irregular 
oblongs,  the  cell-walls  are  thickened  irregularly,  and  they  are  frequently 
pitted  (see  fig.  58).  In  the  parenchyma  of  the  stone  are  curious  irregularly- 
shaped  long  cells,  which  contain  a  tannin,  and  are  coloured  dark-green  by 
ferric  chloride  solution.  The  endosperm  is  the  hardest  part  of  the  date-stone, 
and  is  very  similar  in  structure  to  vegetable  ivory,  but  the  cells  are  smaller 
and  rounder,  and  the  cell  membranes  are  not  so  thickened  by  deposit. 

The  leguminous  seeds  are  all  built  on  a  similar  plan ;  they  have  at 
least  two  characteristic  structures — viz.,  a  layer  of  regular  lengthened  cells 
with  their  long  axis  set  radially  (see  fig.  59),  the  palisade  layer  of  the 
Germans ;  seen  under  a  low  power,  they  look  so  much  like  the  dentine 
tubes  of  a  tooth  that  they  might  be  called  "the  dentine  layer";  they 

1  Dot*  Coffee,— There  was  established,  some  years  ago,  a  company  for  the  manu- 
facture of  what  is  termed  •  Date  coffee,'  a  preparation  made  from  torrified  dates,  and 
mixed  with  coffee,  in  the  proportion  of  one- fourth  cofTee  and  three-fourth  dates.  A 
sample  presented  the  appearance  of  a  dark-brown,  rather  sticky  powder,  having  a  sweetish 
smell,  but  no  cofTee  odour.  On  being  thrown  into  water  the  water  was  immediately 
coloured,  and  the  powder  sank  to  the  bottom.  The  specific  gravity  of  the  infusion  was 
nearly  that  of  pure  chicory,  viz.,  1019*6.  The  microscope  showed  some  fragments  of 
coffee,  as  well  as  large  loose  cells  and  structures,  quite  different  from  those  of  coffee,  and 
there  was  scarcely  a  trace  of  theine.    The  general  analysis  gave  : — 


The  ash  contained  *262  P20B  and  *13  silica ;  -628  per  cent,  of  an  oily  and  resinous 
matter  was  also  separated.  The  large  amount  of  sugar  would  alone  be  sufficient  to  dis- 
tinguish it  from  coffee,  and  there  will  not  be  the  slightest  difficulty  in  the  identification 
of  the  substance  should  it  be  ever  used  in  such  a  manner  as  to  come  under  the  Sale  of 
Food  and  Drugs  Act 


Water, 
Sugar,  . 
Extract, 


Per  cent. 
5*25 
15-29 
46-50 


Total  ash, 


\  Soluble,  1  -78  i 
»  |  Insoluble,  1'07  ( 
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consist  of  narrow  prismatic  long  cells,  the  base  not  unfrequently  swollen 
out  flask-like  —  and  are  covered  with  a  thin 
cuticle.  If  looked  at  from  above,  of  course 
only  the  hexagonal  ends  are  seen  presenting  a 
tessellated  pavement  appearance — there  is  no 
'lumen.'  The  most  remarkable  thing  about 
these  cells  is  that  they  are  all  the  same  size, 
save,  indeed,  in  Cicer  arietmum,  where  the 
dentine  layer  is  in  regular  waves,  and  the 
individual  cells  range  in  length  from  100  to 
300  micro-millimetres. 

The  length  and  breadth  of  the  palisade 
layers  in  various  leguminosse  have  been  care- 
fully determined  by  Moeller,1  as  follows: — 


Length. 
Micro-millimetres. 

240 
150 
120 
100 
75 
150 
60 
100-300 
45 
40 
60 


Breadth. 
Micro-millimetres. 

20 
15 
15 
12 
6 
20 
6 
25 
15 
6 
15 


Fio.  56.— A  section  of  the 
carob-tree  fruit,  x  160 — epf 
epidermis  superficial  view, 
snowing  a  stoma,  st'\  v, 
brown  parenchyma ;  cr,  cells 
containing  crystals ;  b,  bent 
fibres ;  st,  hard  cells,  thick- 
ened by  deposit ;  r,  a  layer 
of  thin  walled  cells,  but 
scattered  throughout  are 
fibres  and  thickened  hard 
cells  ;  m,  the  middle  layer 
containing  spirals,  *p,  and 
the  peculiar  bodies,  g,  de- 
scribed in  the  text 


Canavalia, 
Parkia, 
Lupine,  . 
Pea, 
Vetch, 
Astragalus, 
Cassia, 
Cicer, 
Bean, 
Lentils, 
Soya, 

The  second  characteristic  is  a  single  layer 
of  cells  which  support  the  palisade  layer ;  these 
cells  in  form  suggest  various  similes :  one 
observer  sees  in  them  '  pillars ' ;  another,  *  hour- 
glasses';  a  third,  'reels  of  cotton'  (see  fig. 
59  *),  and,  indeed,  they  are  more  or  less  like 
all  these.  Their  peculiar  shape  is  only  to  be 
fully  made  out  in  section;  looked  at  from 
above,  they  are  merely  polygonal  or  many-sided 
cells.  These  little  pillars  have  very  different 
shapes  in  different  species,  and  afford  a  valuable 
means  of  diagnosis.  In  the  bean,  they  are 
prismatic,  contain  one  or  two  large  monoclinic 
crystals,  and  form  no  intercellular  substance. 
In  soya,  lupine  seed,  and  canavalia,  the  pillar- 
cells  are  as  high  as  broad,  and  very  much  like 
cotton  reels ;  canavalia  is  peculiar  in  possessing 
several  layers  of  them.  In  the  lentil,  again, 
they  are  broader  than  high,  cone-like,  and  when 
looked  at  from  above  have  a  regular  five-  to 
six-sided  outline  with  an  inscribed  circle ;  the 
lumen  is  filled  with  a  granular  dark  or  greenish 
mass. 


§  252.  The  seeds  of  Cassia  occidentalis  2  have 
been,  to  some  extent,  used  as  an  adulterant,  and  as  a  substitute  for  coffee. 

1  Moeller,  Mikroskopie  der  Nahrungs-  u.  Oenussmittcl. 

9  Holler:  Dingl.  Pol.  Journ.,  ccxxxvii.,  p.  61  ;  ccxxxviii.,  p.  164. 
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In  Germany  the  ground  and  roasted  seeds  have  been  sold  under  the  name 
of  1  Mogdad '  coffee,  and  it  is  said  that  neither  by  the  taste  nor  by  the 
general  appearance  can  the  addition  of  cassia  seeds  be  detected,  if  such 
addition  does  not  exceed  one-fifth  of  the  weight  of  the  coffee.  The  seeds 
are  small,  flattened,  oval,  smooth,  marked  on  each  side  of  the  two  flattened 


A 


Fig.  57.— A,  Section  through  the  vegetable  ivory  nut— o,  outer  coating  of  the  seed; 
c,  endosperm,  composed  of  thickened  porous  cells. 
B,  Individual  fibres  separated  from  o,  the  outer  coating  of  the  seed,  x  160 
(after  Moeller). 

surfaces  with  a  slight  circular  groove  or  depression ;  when  magnified  the 
surface  of  the  seed  is  somewhat  tuberculated. 

The  integuments  are  wonderfully  hard  and  leathery,  and  in  the  fresh 
state  most  difficult  to  grind  or  cut ;  they  are,  indeed,  about  the  consistence 


E  B  T 


Fig.  58.— Tissues  of  the  date- stone,  x  160 — E,  endosperm  ;  B,  epidermis;  T,  irregularly 
shaped  tubular  cells  filled  with  tannin-like  substances. 


of  the  leathery  seeds  of  Nux  vomica.  The  microscopical  structure  is  very 
distinctive ;  the  covering  of  the  seed  has  first  a  layer  of  hard  tissue,  with 
fine  striae-like,  perpendicular  tubes  radiating  from  the  centre  towards  the 
circumference  (palisade  layer).     Beneath  this  palisade  or  deataa&  Vtf^st 
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are  4  the  pillar-cells/  spool-shaped,  as  broad  as  high,  and  very  thick-walled, 
and  these  pass  into  some  thick-walled  four-  to  five-sided  oblong  cells,  filled 
with  an  orange-red  colouring-matter.    Within  the  coloured  cells  are  oval, 


A  B 


Fio.  59. — A,  A  section  of  a  seed  of  Parkia— p,  the  'palisade*  layer;  s,  the  pillar- like 
cells  ;  /,  spongy  parenchyma,  x  160  (after  Moeller). 
B,  Isolated  '  palisader  cells — a,  the  apex  alone  showing. 

round,  or  angular  cells  (according  to  the  pressure),  filled  with  granular 
matter,  and  making  up  most  of  the  substance  of  the  seed  (see  fig.  60). 


Fio.  60.— Section  of  seed  of  Cassia  occidental™,  x  170. 


The  composition  of  Mogdad  coffee  is  as  follows  : — 


Cellulose,   21  '21 

Fatty  oil,   2*55 

Plant  mucus,   36*60 

Astringent  substance,  gallo-tannic  acid,    .       .  5  *23 

Inorganic  salts,   4  '33 1 

Nitrogenous  organic  matters  and  loss,             .       .  15*13 

Nitrogen-free  organic  matter,   3*86 

Water,   11-09 


1  The  seeds  of  Cassia  occidentalis  give  10  per  cent,  of  ash, 
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Chemical  Methods  op  Detecting  Adulterations. 

§  253.  When  chicory  is  mixed  with  coffee,  the  chemical  composition 
of  the  mixture  shows,  in  some  particulars,  a  marked  deviation  from  that 
of  pure  coffee. 

Letheby's  analysis  of  chicory  is  as  follows  : — 

Raw  root.  Kiln  dried. 


Hygroscopic  moisture,              .       .77*0  15*0 

Gummy  matter,  7*5  20*8 

Glucose  or  grape  sugar,      .      .       .1*1  10*5 

Bitter  extractive,       .             .       .4*0  19*3 

Fatty  matters,  0*6  1*9 

Cellulose,  inuline,  and  woody  matter,  .     9*0  29*5 

Ash,  0-8  8*0 

Composition  of  the  roasted  root : — 

(1.)  (2.) 

Hygroscopic  moisture,    .       .       .       .14*5  12 '8 

Gummy  matter,  9  '5  1 4  '9 

Glucose  12*2  10 '4 

Matter  like  burnt  sugar,        .       .       .29*1  24*4 

Fatty  matter,  2*0  2*2 

Brown  or  burnt  woody  matter,      .       .28*4  28*5 

Ash,  4*3  6'8 

The  ash  of  these  had  the  following  composition  : — 

Chloride  of  potassium                            0*22  0*45 

Sulphate  of       ,,          .       .             .0*97  0*98 

Phosphate  of     „         .       .       .       .    1'41  1*37 

,,         magnesia                            0*90  0*53 

lime,        ....    0-40  0*81 

Carbonate  of    ,  ,  0*10  0*26 

Alumina  and  oxide  of  iron,    .             .0*20  0*20 

Sand,                                                  070  2 '20 


Chicory  influences  the  composition  of  coffee  as  follows  : — 

(1.)  It  decreases  the  gum,  the  latter  seldom  rising  in  chicory  to  more 

than  15  per  cent.,  whilst  in  coffee  it  has  not  been  found  less  than  from  21 

up  to  28  per  cent. 

(2.)  It  increases  in  sugar,  roasted  coffee  having  seldom  so  much  as  2 

per  cent,  of  sugar ;  whilst  chicory,  when  roasted,  usually  has  at  least  8  or 

9  per  cent. 

(3.)  It  decreases  the  fatty  matter,  the  fat  of  chicory  ranging  from  1  to  over 
2  per  cent.,  that  of  coffee  from  about  14  per  cent,  up  to  over  20  per  cent. 

(4.)  It  decreases  the  tannin  and  caffeo-tannic  acids,  chicory  being 
destitute  of  tannin. 

(5.)  It  decreases  the  theine,  chicory  possessing  none. 
(6.)  It  profoundly  modifies  the  constitution  of  the  ash,  especially  by 
introducing  silica,  which  is  not  a  component  of  coffee  ash.    The  main 


differences  are  thus  as  follow: — 

Coffee  Ash.  Chicory  Ash. 

Per  cent.  Per  cent. 

Silica  and  sand   10  '69  to  35  '88 

Carbonic  acid,      .       .       .       .14*92  1'78  to  3 '19 

Sesquioxide  of  iron,      .      0 '44  to  0 '98  3 '13  to  5 '32 

Chlorine,      .       .       .      0-26  to  I'll  3 '28  to  4*98 

Phosphoric  acid,  .       .     10*00  to  11*00  5*00  to  6  00 

Total  soluble  ash,  .       .    75  '00  to  85 *00  21  '00  to  85  '00 
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Some  approximate  idea  (although  no  accurate  results)  may  be  obtained 
of  the  amount  of  chicory  present,  if  a  careful  determination  of  the  soluble 
ash  is  made.  If  we  take  the  soluble  ash  of  chicory  as  1*74,  and  that  of 
coffee  as  3  per  cent.,  then  Table  XXXI.  may  be  used. 


TABLE  XXXL — Giving  the  Theoretical  Quantity  of  Soluble  Ash, 
Corresponding  to  Various  Admixtures  op  Chicory  and  Coffee. 


Percentage  of 
Chicory. 

Percentage  of 
Soluble  Ash. 

Percentage  of 
Chicory. 

Percentage  of 
Soluble  Ash. 

5 

2*94 

50 

2*58 

10 

2*88 

55 

2-56 

15 

2*82 

60 

2*52 

20 

279 

65 

2-50 

25 

274 

70 

2*48 

30 

270 

75 

2*46 

35 

2*67 

80 

2*43 

40 

2-64 

85 

2*41 

45 

2'60 

90 

2*40 

By  making  standard  infusions  of  pure  coffee  and  chicory,  and  then 
taking  the  same  weight  of  the  suspected  coffee,  and  comparing  the  colour, 
it  is  possible  to  obtain  some  idea  of  the  quantity  of  chicory  added. 

Leebody  recommends  this  to  be  done  as  follows : — Take  1  grm.  of  the 
unknown  mixture,  and  1  grm.  of  a  standard  mixture  of  equal  parts  of 
chicory  and  coffee ;  remove  all  the  colouring-matter  from  each  sample,  and 
make  the  extract  of  each  up  to  the  same  bulk.  Put  50  c.c.  of  the  filtered 
extract  from  the  unknown  mixture  in  the  Nessler  cylinder,  and  determine 
by  trial  how  many  c.c.  of  the  extract  from  the  standard  mixture,  together 
with  sufficient  distilled  water  to  make  up  the  50  c.c,  will  give  the  same 
colour.  In  calculating  the  percentage  of  chicory  present,  closely  accurate 
results  are  obtained  in  practice  by  assuming  the  tinctorial  power  of  chicory 
to  be  three  times  that  of  coffee. — (J.  K.  Leebody,  Chemical  News,  xxx., 
243.) 

Messrs.  Graham,  Stenhouse,  and  Campbell  proposed  to  take  the  density 
of  different  infusions  of  coffee,  etc.,  as  a  guide  to  its  adulteration ;  and  this 
is  found  in  practice  to  work  tolerably  well,  and  to  give  approximative  results. 
The  following  solutions  were  made  by  them  by  first  treating  the  powder  of 
the  roasted  substance  with  ten  times  its  weight  of  cold  water,  boiling,  and 
filtering,  and  determining  the  density  at  60°  Fahr. : — 


Spent  tan, . 
Lupine  seed, 
Acorns, 
Peas, . 

Mocha  coffee, 
Beans, 
Neilgherry  coffee, 
Plantation  Ceylon  coffee. 
Java  coffee, 
Jamaica  coffee,  . 
•>8 ta  Rica  coffee, 
•        »>       •  • 
ive  Ceylon  coffee,  . 
rn  malt, 
nips,  . 


1002-14 
1005  70 
1007*30 
1007*30 
1008-00 
1008*40 
1008-40 
100870 
100870 

1008-  70 

1009-  00 
1009-05 
1009-00 
1010*90 
1014-30 


Carrots, 
Bouka, 
Black  malt, 
Turnips,  . 
Rye-meal,  . 
Dandelion  root, 
Red-beet,  . 
English  chicory. 
Yorkshire  chicory, 
Foreign  chicory, 
Guernsey  chicory, 
Mangel-wurzel, 
Maize, 

Bread  raspings,  . 


1017-10 
1018*50 
1021  -20 
1021-40 
1021  -60 

1021-  90 
1022*10 
1021 70 
1019-10 

1022-  60 
1023*26 

1023-  50 
1025-30 
1026*30 
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It  has  been  shown  by  Hehner  and  Sketchly 1  that  a  determination  of 
furfural  in  chicory  and  coffee  may  be  of  use.  If  the  furfural  be  calculated 
into  pentosans,  then  about  double  the  quantity  of  pentosan  is  yielded  by 
coffee  as  by  chicory. 

The  method  to  be  pursued  is  as  follows : — 

From  3  to  4  grms.  of  the  substance  are  placed  in  a  suitable  distilling 
flask  provided  with  a  tap  funnel,  and  100  cc.  of  dilute  hydrochloric  acid 
(strength  12  per  cent.)  added.  The  liquid  is  distilled,  and  when  30  cc.  of 
the  distillate  are  collected,  30  more  cc.  of  the  acid  are  added  through  the 
tap  funnel,  and  so  on  until  the  distillate  measures  about  400  cc.  The 
progress  of  the  reaction  is  traced  by  testing  for  furfural  by  taking  a  drop 
of  the  distillate  on  filter  paper  and  touching  the  drop  with  a  solution  of 
aniline  acetate  containing  sodium  acetate.  The  presence  of  furfural  is 
denoted  by  a  pink  colour.  On  adding  a  solution  of  pure  phloroglucinol  to 
the  distillate  and  allowing  to  stand  overnight,  a  black  precipitate  forms  of 
furfural-phloroglucoside.  This  is  collected  on  a  weighed  filter  paper, 
washed  and  dried.  The  weight  divided  by  1*82  =  furfural.  This  furfural 
may  be  calculated  into  pentosan  by  subtracting  0*0804  and  multiplying 
the  remainder  by  1  88. 

Genuine  roasted  coffee  gave  2*5  per  cent,  of  pentosan ;  coffee  containing 
32  per  cent,  chicory  gave  2*71  per  cent.  The  same  sample  of  chicory 
roasted  for  different  lengths  of  time  gave  from  4*8  per  cent,  to  5*56  per 
cent,  of  pentosan. 

When  the  microscope  has  detected  chicory,  and  it  is  certain  that 
nothing  but  chicory  is  present,  the  most  reliable  guide  is  the  density 
of  the  infusion.  Of  the  strength  given,  if  the  specific  gravity  of  coffee 
infusion  be  taken  as  1008*5  and  that  of  chicory  as  1023*0,  then  the  follow- 
ing table,  from  the  authors'  experiments,  will  be  a  fair  guide  to  the 
amount  of  adulteration.  The  error  usually  lies  within  3  per  cent.,  while 
with  calculations  based  on  soluble  ash  the  possible  error  is  higher.  It 
hence  follows  that  the  analyst  must  be  very  careful  in  his  statements  as  to 
the  percentage  of  chicory.  The  certificate  should  say  "about  .  .  .  per 
cent;"  or  supposing  that  from  the  soluble  ash  and  from  the  specific  gravity, 
as  well  as  from  the  microscopical  examination,  a  coffee  seems  to  contain 
40  per  cent,  of  chicory,  it  will  be  safe  to  subtract  5  per  cent,  for  error,  and 
give  the  amount  as  "at  least  35 per  cent." 

§  254.  W.  L.  Hiepe,  taking  into  consideration  the  fact  that  pure  coffee 
has  *03  per  cent,  of  chlorine,  while  chicory  has  *28  per  cent,  of  chlorine, 
has  proposed  to  calculate  the  percentage  of  mixtures  on  these  data.  If 
this  method  should  be  accepted,  it  will  necessitate  a  most  careful  incinera- 
tion ;  for  in  the  majority  of  ordinary  cases  involving  ash-taking,  two-thirds 
of  the  chlorine  is  volatilised. 

Prunier,  again,  has  attempted  to  determine  the  coffee  directly  by  weight : 
2  grins,  of  the  mixture  of  coffee  and  chicory  are  weighed  out,  and  the  finer 
powder  is  separated  by  sifting  through  fine  silk.  This  is  composed  entirely 
of  coffee,  as  may  be  proved  by  microscopic  examination.  That  which 
remains  on  the  silk  sieve  is  moistened  with  water  in  a  test  glass ;  after 
some  hours  it  is  thrown  upou  a  piece  of  stretched  cloth,  and  crushed  with 
the  fingers.  The  grains  of  coffee  resist  the  pressure,  whilst  those  of  chicory 
penetrate  under  these  circumstances  into  the  cloth,  and  adhere  to  it.  The 
cloth  is  dried,  and  it  is  then  easy  to  detach  the  coffee,  which  is  added  to 


1  Analyst,  vol.  xxiv.,  178. 
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the  fine  powder  from  the  first  operation,  and  weighed  after  complete 
drying ;  the  chicory  is  calculated  from  the  loss. 


TABLE  XXXII. — Giving  the  Approximate  Percentage  of  Chicory  in  a 
Decoction  of  Coffrb  and  Chicory. 


Specific 
Gravity. 

ercentage 
of  Coffee 
iu  juxvure. 

Specific 
Gravity. 

Percentage 
of  Coffee 

In  MiTtnm 

Specific 
Gravity. 

Percentage 
of  Coffee 
in  jaiAbiire. 

Specific 
Gravity. 

Percentage 
of  Coffee 

1009 '0 



96*55 

1011  6 

_  .  - 

78  6 

1014  2 

_ 

60*7 

1016  8 

42  8 

1009 '1 

95*8 

10117 

77  9 

1014*3 

60*0 

1016*9 

42*1 

1009*2 

95*1 

1011*8 

77  2 

1014*4 

59-4 

1017*0 

41  4 

1009 '3 

94  4 

1011  9 

76*5 

1014*5 

58*7 

1017*1 

40*7 

1009 '4 

93*8 

1012*0 

75*7 

1014*6 

58*0 

1017  2 

40-0 

1009  5 

93*1 

1012*1 

711 

1014*7 

57*3 

1017  3 

39  3 

1009  6 

*92*4 

1012*2 

74*5 

1014*8 

56*6 

i  017*4 

38*6 

1009*7 

91*8 

lOlz'3 

73*8 

1014*9 

55  9 

1017  5 

37*9 

1009*8 

91*0 

1012*4 

731 

1015*0 

55*2 

1017  6 

37  3 

1009*9 

90-3 

1012  5 

72-4 

1015*1 

54*5 

1017  7 

36*6 

1010*0 

89  6 

1012*6 

71*7 

1015-2 

53*8 

1017*8 

35  9 

1010*1 

88  9 

1012-7 

71*0 

1015-:? 

53*1 

1017*9 

35*2 

1010-2 

88  2 

1012*8 

70-3 

1015-4 

52*4 

1018-0 

34-5 

1010*3 

87*5 

1012*9 

69*6 

10155 

51*8 

1018  1 

338 

1010*4 

86-8 

10130 

68*9 

1015  6 

51*1 

10182 

33  1 

1010*5 

86-1 

1013-1 

68*3 

1015-7 

50*4 

1018*3 

3*2*4 

1010*6 

85*5 

1013  2 

67*6 

1015*8 

49-7 

1018-4 

31  *7 

1010-7 

84*8 

1013*3 

66  9 

1015-9 

49*0 

1018*5 

31  0 

1010*8 

|  84-1 

1013*4 

66  3 

1016*0 

48-3 

1018*6 

30-4 

1010  9 

83*5 

1013*5 

65-6 

10161 

476 

1018-7 

29  7 

1011-0 

82-8 

1013-6 

64  9 

1016*2 

46  9 

1018-8 

28*9 

1011*1 

82*1 

10137 

64*2 

1016*3 

46*2 

1018  9 

28*3 

10112 

81*4 

1013*8 

63  5 

lnl6-4 

45*5 

10190 

27*6 

10113 

80*7 

1013*9 

62*8 

J  016 -5 

44*8 

1011  4 

80*0 

1014-0 

62*1 

1016*6 

44*2 

1011*5 

79*3 

1014*1 

61-4 

1"  16  7 

43*5 

H.  Hager's  investigations  into  coffee  adulteration  may  be  detailed  as 
follows : — To  examine  the  unroasted  coffee  for  artificial  colouring-matters, 
he  treats  the  berries  with  cold  water ;  when,  if  the  berries  are  in  their 
natural  state,  the  water  is  scarcely  coloured.  50  grms.  are  next  macerated 
with  water,  to  which  1  per  cent,  of  nitric  acid  has  been  added,  and  then 
hydric  sulphide  is  passed  through  the  filtrate ;  from  this  solution  chloro- 
form will  extract  indigo  if  present.  Berlin-blue  and  alkanet  pigment  may 
be  dissolved  out  from  the  berries  by  carbonate  of  potash  solution,  and  then 
precipitated  by  hydrochloric  acid.  He  finds  also  that  when  thrown  into 
water,  imitation  or  artificial  berries  will  sink  to  the  bottom,  while  good 
berries  swim.  On  treating  3  grms.  of  powdered  coffee  with  20  grms.  of 
cold  water,  and  filtering,  after  the  lapse  of  half  an  hour  the  filtrate  should 
be  feebly  yellow,  and  not  taste  in  the  least  degree  bitter ;  in  presence  of 
lupine-seeds  the  taste  is  markedly  bitter. 

With  regard  to  the  *  swimming  test,'  he  recommends  a  saturated  solution 
of  rock  salt.  2  grms.  of  the  coffee  are  placed  in  a  narrow  test  cylinder 
with  15  to  20  c.c.  of  the  cold  saline  solution;  the  coffee  is  shaken  up  with 
this,  and  then  allowed  to  stand  for  an  hour;  after  this  time  the  coffee 
swims  to  the  surface,  and  the  water  remains  uncoloured.  Lupine-seeds 
generally  colour  the  salt  solution  yellow,  and  give  a  strong  deposit.  The 
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filtrate  from  pure  coffee  gives  no  precipitate  with  picric  acid,  tannin,  iodine, 
or  alkaline  solution  of  copper.  Ferric  chloride  strikes  a  green  colour  with 
false  coffee;  with  starches  iodine  strikes  a  blue  colour;  with  astringent 
matters,  ferric  chloride  a  black  colour ;  if  sugar  from  chicory,  dates,  etc., 
is  present,  alkaline  copper  solution  is  reduced. 

Lupine-seeds  give,  when  extracted  by  weak  sulphuric  acid  water,  only  a 
slight  turbidity  with  mercury  potassic  iodide.  Coffee,  on  the  contrary, 
under  the  same  circumstances,  gives  a  stroug  turbidity;  but  if  this  is 
doubtful,  the  theine  can  be  extracted  from  the  solution  by  shaking  it  with 
chloroform  or  benzole,  which  dissolves  the  theine,  but  leaves  the  lupine. 

Hager  has  also  a  different  method  of  taking  the  *  extract ' :  10  grms.  of 
coffee,  1  grm.  of  oxalic  acid,  and  80  c.c.  of  water  are  mixed  by  shaking,  and 
digested  at  100°  C.  for  3  hours,  filtered,  and  washed  with  water  until  the 
filtrate  is  no  longer  coloured.  The  filtrate  is  evaporated  to  dryness.  Pure 
coffee  at  the  most  yields  in  this  manner  2*5  to  3  grms.  of  extract  (including 
the  oxalic  acid),  while  chicory  gives  5  to  7  grms.,  and  other  substances 
similarly  much  increase  the  extract.  His  reason  for  using  oxalic  acid  is 
because  of  its  changing  starch  into  dextrin,  and  quickening  the  filtration. 

In  regard  to  other  adulterations,  a  great  variety  of  starch-holding  sub- 
stances, with  the  cereals,  may  be  entirely  excluded,  as  certainly  not  present, 
if  no  dirty-blue  or  violet  colouration  is  produced  by  iodine  in  an  infusion  of 
coffee.  In  order  to  apply  this  test  properly,  the  infusion  should  be  decolo- 
rised, which  is  most  rapidly  done  by  a  solution  of  permanganate  of  potash. 
Coffee  itself,  as  before  stated,  contains  no  starch. 

Burnt  sugar,  or  caramel,  is  usually  detected  by  observing  the  rapid 
darkening  of  water  on  which  a  little  coffee  is  sprinkled,  and  the  particles 
(on  examination  in  water  by  the  microscope)  reveal  themselves  by  the 
absence  of  organised  structure,  and  the  coloured  ring,  arising  from  partial 
solution,  round  each. 

Cocoa  and  Chocolate. 

§  235.  The  cocoa  of  commerce  is  made  from  the  roasted  seeds  of  the 
Theobroma  carao,  a  tree  belonging  to  the  natural  order  Byitneriaceoe,  whole 
forests  of  which  exist  in  Demerara.  It  is  also  more  or  less  extensively 
grown  in  Central  America,  Brazil,  Peru,  Caraccas,  Venezuela,  Ecuador, 
Grenada,  Essequibo,  Guayaquil,  Surinam,  and  some  of  the  West  Indian 
Islands ;  and  its  cultivation  has  also  been  attempted  (in  most  cases  suc- 
cessfully) in  the  East  Indies,  Australia,  the  Philippine  Islands,  the  Mauri- 
tius, Madagascar,  and  Bourbon. 

The  principal  kinds  of  cocoa  in  commerce  are  known  under  the  names 
of  Caraccas,  Surinam,  Trinidad,  Grenada,  Jamaica,  Dominica,  Guayaquil, 
Venezuela,  Bahia,  Brazil,  and  St.  Lucia.  The  seeds  are  officinal  in  the 
French  and  Norwegian  pharmacopoeias.  They  are  ovate,  flattened,  2  to  2£ 
cm.  [*7  to  -9  inch]  long,  and  1  to  1J  cm.  [-39  to  '58  inch]  broad,  and 
covered  with  a  thin  red  or  grey-brown  friable  shell.  The  taste  of  the  fresh 
seed  is  oily,  bitter,  and  rather  unpleasant. 

The  seeds,  on  being  submitted  to  a  kind  of  fermentation  (technically 
called  the  sweating  process),  lose  in  a  great  measure  this  disagreeable 
flavour,  and  develop  an  aromatic  smell.  Seeds  which  have  been  subjected 
to  this  treatment  are  best  suited  for  the  manufacture  of  chocolate,  while 
those  which  have  been  simply  roasted  are  richer  in  cocoa-butter. 

The  cocoas  of  commerce  are  deprived  of  the  husk^  and  consist  tfo& 
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ground  or  entire  cotyledons.  The  cotyledons  are  made  up  of  a  parenchyma 
of  small,  polygonal,  thin- walled  cells  (fig.  61).  Within  these  cells  are  the 
very  small  starch  granules,  measuring  about  5  micro-millimetres  ['002 
inch].  In  some  of  the  cells  the  starch  is  in  little  lumps,  mixed  with  fat 
and  albuminous  matters.  The  starch  is  distinguished  from  rice-starch  by 
the  granules  being  round  and  not  angular.  It  possesses  considerable 
resistance  to  hot  water,  and  the  reaction  with  iodine  is  slow — a  quick-blue 
colour  being  only  brought  out  by  the  addition  of  the  chlor-iodide  of  zinc. 
Careful  measurements  made  by  Ewell  give  the  maximum  diameter  as  0*012 
mm.,  minimum  0*002  mm.,  average  about  0*006  mm.  Some  of  the  cells 
contain  *  cocoa  red,'  which  is  coloured  blue  by  a  solution  of  ferric  chloride, 
and  dissolved  by  strong  potash  to  a  green,  by  dilute  sulphuric  acid  to  a 
red,  and  by  acetic  acid  and  alcohol  to  a  violet  solution;  but  the  fresh 
seeds  are  colourless. 

The  cotyledons  are  covered  with  a  thin  glass-clear  epidermis,  consisting 
of  at  least  two  layers  of  cells,  and  where  it  folds  between  the  cotyledons  of 
several  layers.1  These  are  very  transparent,  they  often  contain  crystals  of 
theobromin,  and  other  crystals  supposed  to  be  those  -  of  a  fatty  acid. 
Attached  to  the  epidermis  are  to  be  found  curious  club-shaped  hairs  (fig.  61). 


Fig.  61.— Tissues  of  cocoa,  x  160.  A,  Epidermis,  beneath  which  are  seen  cells  contain- 
ing two  different  kinds  of  crystalline  cell  contents ;  /,  crystals  of  fatty  acids  ;  I, 
crystals  of  theobromin  ;  k,  a  hair.  B,  The  tissues  of  the  seed  proper  ;  sp,  spiral 
vessels  ;  a,  thickened  cells ;  pf  parenchyma,  some  of  the  cells  of  which  are  filled  with 
various  cell  contents. 

To  examine  ground  cocoa  microscopically,  if  not  already  fat  free,  it 
must  be  exhausted  with  ether — the  finer  particles  may  then  be  examined 
in  glycerin  and  water  for  foreign  starches,  and  lastly,  the  dark  opaque 
portions  cleared  up  by  treating  with  a  strong  solution  of  potash.  Unless 
methods  of  the  above  kind  are  adopted,  but  little  can  be  made  out  from  a 
microscopical  examination. 

§256.  The  commercial  varieties  of  cocoa  are  very  numerous: — Cocoa 
nibs  are  simply  the  bruised,  roasted  seeds  deprived  of  their  coverings ;  and 

flake  cocoa  is  composed  of  the  nibs  ground  in  a  particular  form  of  mill. 

The  cocoa  powders  may  be  divided  into  those  mixed  with  starches  and 

1  X^ke  cliief  distinguishing  marks  of  the  husk  are  a  large-celled  epidermis,  and  small 
thick-  ^»>j.  iigd  cells ;  but,  unless  as  an  adulteration,  the  husk  will  not  occur  in  ordinary 
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sugar  and  partly  deprived  of  fat,  and  those  which,  like  the  Dutch  cocoas, 
have  been  treated  with  Baits  of  soda,  potash,  or  ammonia,  with  the  idea  of 
softening  the  cocoa  fibre.  These  latter  contain  no  added  starch.  Some  of 
them  have  not  been  deprived  of  fat.  Another  method  of  manufacture  is 
to  soften  the  fibre  by  heating  in  closed  vessels  with  water  to  1 50°  C. 

Epps's  cocoa,  according  to  an  analysis  advanced  as  evidence  in  the  case 
of  Gibson  v.  Leufer,  is  composed  of  cocoa  40  per  cent.,  sugar  44  per  cent., 
and  starch  16  per  cent. 

Granulate*!  cocoa  is  mostly  a  mixture  of  nibs,  arrow-root,  and  sugar ; 
Homoeopathic  cocoa,  a  preparation  of  the  same  kind  without  the  sugar; 
Marauilla  cocoa  contains  sugar  and  much  sago  flour;  and  cocoa  essence, 
cocoatine,  etc.,  consist  of  pure  cocoa  deprived  of  60  to  70  per  cent,  of  its  fat. 

§  257.  Chocolate. — In  the  manufacture  of  chocolate  the  cocoa-nibs  are 
ground  in  a  mill,  the  rollers  of  which  are  usually  heated  by  steam,  so  as  to 
soften  the  cocoa-butter ;  and  in  this  way  a  paste  is  formed  which  is  mixed 
with  refined  sugar,  and  very  often  other  substances,  and  pressed  into 
moulds.    Some  of  the  recipes  for  chocolate  are  as  follows : — 

(1.)  French  Chocolate. — Two  beans  of  Vanilla  rubbed  into  a  powder 
with  sugar,  and  1  lb.  of  best  sugar  to  every  3  lbs.  of  cocoa-nibs. 

(2.)  Spanish  Clwcolate. — (a.)  Curac^oa  cocoa  11,  sugar  3,  Vanilla  TlTf 
cinnamon  cloves  T£7.  (6.)  Caraccas  cocoa  10,  sweet  almonds  1,  sugar 
3,  Vanilla  FV 

(3.)  Vanilla  Chocolate. — A  chocolate  paste  highly  flavoured  with 
Vanilla,  and  generally  with  other  spices  as  well,  (a.)  Caraccas  cocoa  7, 
Mexican  Vanilla  y1^,  cinnamon  -fa,  and  sufficient  cloves  to  flavour,  (b.) 
Best  chocolate  paste  21,  Vanilla  4,  cinnamon  £,  cloves  and  musk  in  small 
quantities. 

The  chocolates  of  English  commerce  yield  but  little  cocoa-butter,  since 
they  are  mostly  prepared  from  the  cake  left  after  expression  of  the  oil. 

§  258.  The  average  chemical  composition  of  cocoa,  according  to  some 
English  analyses,  is  as  follows  : — 


J.  A.  Wanklyn.  J.  Muter. 

Cocoa  butter,   50*00  42  '94 

Theobromin,  1*50  *90 

Starch,   10*00  19*03 

Albumen,  fibrin,  and  gluten,   .       .  18'00  12*21 

Gum,                                                 8*00  6*40 

Colouring-matter,    ....        2*60  3*69 

Water,                                               6*00  5*98 

Ash                                                 8*60  2*90 

Loss,  etc.,  0*80 

Cellulose                                             ...  5*95 


100*00  100*00 


The  peculiar  constituents  of  cocoa  are  three — viz.,  cocoa-butter,  theo- 
bromin, and  cocoa  red. 

Cocoa  or  Cacao-butter,  Oleum  tlieobromce. — This  fat  is  a  yellowish- white 
concrete  vegetable  fat  of  about  the  consistency  of  tallow.  Its  specific 
gravity  at  15°  C.  is  from  0*95  to  0  96;  and  at  100°  C.  about  0*856.  The 
melting-point  is  from  28°  to  32°  C,  the  solidifying-point  of  the  fat  from  21° 
to  23*  C.,  while  the  mixed  fatty  acids  melt  at  from  48°  to  50°  C,  and  solidify 
at  from  45°  to  47°  C.  It  has  a  definite  Reichert  value,  the  distillate  being 
sufficiently  acid  to  use  from  1  to  2  c.c.  of  deci normal  alkali.  The  insoluble 
fatty  acids  are  somewhat  low,  about  94  to  95  per  cent. ;  the  saponification 
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value  is  from  193  to  195,  and  the  iodine  value  from  32  to  38.  The  iodine 
value  of  the  fatty  acids,  according  to  de  Negri  and  Fabris,  is  39*1. 

The  acid  value  of  commercial  samples,  according  to  Dieterich,  is  from 
1*0  to  2  3;  samples  slowly  increase  through  age  in  acidity,  the  absolutely 
fresh  butter  only  requiring  from  0*06  to  0*22  c.c.  of  decinormal  alkali. 

The  above  constants  are  explained  by  the  composition  of  cocoa-butter ; 
it  consists  chiefly  of  the  glycerides  of  stearic,  palmitic,  and  lauric  acids, 
with  small  quantities  of  linoleic,  arachidic,  formic,  acetic,  and  butyric 
acids.  Cocoa-butter  is  soluble  in  five  parts  of  absolute  alcohol,  but  in- 
soluble in  90  per  cent,  alcohol. 

It  is  often  adulterated,  particularly  with  tallow,  almond,  arachis, 
sesame^  and  cocoa-nut  oils,  beeswax,  stearic  acid,  and  paraffin  wax. 

Indications  of  such  adulterations  will  be  afforded  by  a  determination  of 
the  constants  given  above.  Thus  a  low  saponification  value  suggests 
beeswax  or  paraffin  wax.  A  high  iodine  value  suggests  some  of  the 
vegetable  oils,  such  as  sesame,  arachis,  or  almond.  As  regards  tallow 
there  are  two  special  tests,  Bjorklund's  test  as  modified  by  Filsinger  and 
Hager's  aniline  test. 

Bjdrldund's  Test. — The  first  test  is  performed  as  follows : — 2  grms.  of 
the  sample  are  melted  in  a  test-tube  and  agitated  with  6  c.c.  of  a  mixture 
of  four  parts  of  ether  (specific  gravity  0*725)  and  one  part  of  alcohol  (specific 
gravity  0*810) ;  should  tallow  be  absent  the  solution  remains  clear;  other- 
wise it  becomes  turbid,  especially  if  the  solution  is  cooled  to  0°. 

Hager's  Aniline  Test. — This  is  a  test  for  not  only  tallow,  but  several 
other  fats.  A  gramme  of  the  sample  is  warmed  with  2*8  grms.  of  aniline 
until  it  dissolves,  and  then  allowed  to  stand  for  an  hour  at  15°,  or,  at  higher 
temperatures,  longer.  Pure  cocoa-butter  forms  a  layer  on  the  top  which 
does  not  solidify  for  hours,-  but  if  it  has  been  adulterated  with  tallow, 
stearic  acid,  or  small  quantities  of  paraffin  wax,  granules  appear  in  the  oily 
layer ;  if  large  quantities  of  stearic  acid  or  paraffin  wax  are  present,  the 
whole  may  become  a  solid  crystalline  mass.  A  rough  quantitative  deter- 
mination may  be  made  by  comparing  standard  mixtures  of  the  adulterant 
found  and  in  any  case  the  test  should  be  confirmed  by  getting  out  the 
constants.  Cocoa-butter  is  stated  to  be  replaced  in  some  cocoas  by 
mixtures  of  fats ;  but  this  is  rare ;  at  all  events,  no  prosecution  for  such 
has  been  instituted  in  England. 

Cocoa-fat  is  readily  soluble  in  either  ether  or  petroleum  ether.  It  may 
be  determined  by  exhausting  a  weighed  portion  in  a  Soxhlet  tube  with 
either  solvent,  and  since  cocoa  or  cocoa  mixtures  contain  a  good  percentage  of 
fat,  small  quantities  may  be  taken,  such  as  5  grms.,  for  this  determination. 

Cocoa  should  contain  at  least  20  per  cent*  of  cocoa  fat ;  if  less  than 
that  is  found,  it  is  probably  adulterated.1 


xanthin ;  it  may  be  transformed  into  theine  by  dissolving  in  ammonia, 
precipitating  the  ammoniacal  solution  by  silver  nitrate,  and  heating  the 
crystalline  precipitate  with  methyl-iodide.  Theobromin  was  discovered  in 
1841  by  Woskresensky,  in  the  seeds  of  the  Theobroma  cacao ;  it  principally 

1  20  per  cent  is  the  standard  of  the  Society  of  Analysts ;  but  this,  according  to 
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resides  in  the  cotyledons,  and  in  smaller  quantities  in  the  seed  coverings. 
The  average  yield  of  theobromin  appears  to  be  1£  per  cent. 

The  original  method  of  separation  pursued  by  Woskresensky  was— extraction  on  the 
water-hath  with  distilled  water,  filtering  through  linen,  precipitating  with  sugar  of  lead, 
refiltering,  freeing  the  filtrate  from  excess  of  lead  by  SH2,  evaporating  to  dryness,  and 
subsequent  purifying  of  the  residue  by  solution  in  spirit,  and  treatment  with  animal 
charcoal.  Mitscherlich,  again,  boils  the  cocoa  with  a  weak  solution  of  sulphuric  acid  in 
order  to  change  the  starch  into  sugar,  saturates  the  fluid  with  carbonate  of  lead,  and 
ferments  it  with  yeast  to  destroy  the  sugar.  On  the  conclusion  of  the  fermentation,  the 
fluid  is  boiled,  neutralised  with  soda,  filtered,  concentrated  by  evaporation,  and  the 
impure  brown  theobromin  which  separates  boiled  in  hot  nitric  acid.  This  nitric  acid 
solution  is  precipitated  by  ammonia,  again  dissolved  in  nitric  acid,  and  the  nitrate 
obtained  by  evaporation.  According  to  Mitscherlich,  the  quantity  obtained  in  this  way 
is  much  greater  than  by  other  processes. 

Wm.  E.  Kunze 1  has  made  an  exhaustive  study  of  the  published  processes 
for  the  separation  and  estimation  of  theobromin  and  theine  in  cocoa  of 
Weigmann,  Mulder,  Wolfram,  Legler,  Trojanowsky,  Zipperer,  Suss, 
Diesing,  and  James  Bell,  and  finds  them  all  imperfect  or  inaccurate ; 
and  after  much  research,  he  has  adopted  the  following,  which,  from  test 
analyses,  appears  to  give  results  of  great  accuracy: — 

10  grms.  of  cocoa  are  boiled  with  150  c.c.  of  5  per  cent,  sulphuric  acid 
for  20  minutes,  the  fluid  is  filtered,  and  the  residue  well  washed  with 
boiling  water.  While  warm  the  mixture  is  precipitated  by  phosphomolybdic 
acid,2  and  after  standing  24  hours  the  precipitate  is  filtered  and  washed 
with  much  5  per  cent,  sulphuric  acid.  The  precipitate  while  still  moist  is 
transferred  to  a  flask,  and  decomposed  with  baryta  water.  The  alkaline 
fluid  is  then  saturated  with  C02  and  evaporated  to  dryness.  The  dry 
mass  is  transferred  to  a  flask,  and  exhausted  by  boiling  chloroform,  the 
flask  for  this  purpose  being  connected  with  an  inverted  condenser.  The 
chloroform  extract  is  placed  in  a  tared  flask,  the  chloroform  distilled  off, 
and  the  residue  dried  and  weighed.  The  weight  equals  theobromin  + 
theine,  with  a  little  mineral  matter,  so  small  that,  in  technical  analyses,  it 
may  be  neglected.  If  it  is  desired  to  estimate  these  crystalline  substances 
separately,  the  residue  after  weighing  is  dissolved  in  a  little  water,  ammonia 
added,  and  to  the  ammoniacal  solution  silver  nitrate  added  On  prolonged 
boiling  the  crystalline  silver  theobromin  falls  down  (C7H7AgN402)  containing 
37*488  per  cent.  Ag.  This  may  be  weighed,  or  dissolved  in  dilute  nitric 
acid,  and  the  silver  precipitated  as  chloride.  Kunze,  however,  prefers  a 
volumetric  process  of  separation.  He  adds  a  measured  quantity  of  silver 
nitrate  solution  of  known  strength  (say  5  per  cent.),  and  after  filtration, 
titrates  the  unused  silver  by  ammonium  sulphocyanide — by  multiplying 
the  silver  thus  found  by  difference  in  the  precipitate  by  the  factor  1*66  (for 
108  silver  =180  theobromin)  the  weight  of  the  theobromin  is  obtained, 
and  this  weight  subtracted  from  the  combined  weight  of  theobromin  and 
theine  gives,  of  course,  the  theine. 

Theobromin  forms  microscopic  rhombic  needles.    It  is  generally  thought 

1  Zeit.  f.  analyt.  Chan.,  1894,  1.  See  also  Brumner  and  Heinrich  Lcins,  Schtceiz. 
Wochcn.  f.  Che m.  u.  Pharrn.,  March,  1893. 

2  Prepared  by  precipitating  ammonium  molybdate,  by  sodic  phosphate,  suspending 
the  well -washed  precipitate  in  water,  and  adding  sodium  carbonate,  and  warming  until 
dissolved.  The  solution  is  evaporated  to  dryness  and  ignited.  The  ignited  residue  is 
powdered,  mixed  with  nitric  acid  into  a  paste,  and  again  ignited.  The  residue  is  warmed 
with  water,  nitric  acid  added  to  strong  acid  reaction,  and  diluted  to  10  per  cent.  ;  the 
solution  is  warmed  for  some  time  and  ultimately  filtered  ;  the  result  should  be  a  clear 
yellow  liquid. 
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to  sublime  between  296°  and  295°  C.  without  decomposition,  but  this 
temperature  is  many  degrees  too  high.  The  senior  writer  finds  that  a 
minute  fragment,  placed  in  the  subliming  cell  elsewhere  descril>ed,  begins  to 
give  fine  nebula;  at  134°  C,  and  on  examining  the  mists  by  a  high  power, 
they  are  resolved  into  extremely  minute  dots  ;  distinct  crystals  are  obtained 
at  temperatures  of  1 70°  C.  and  above.  Theobromin  is  insoluble  in  petroleum 
ether,  and  not  very  soluble  in  ether,  one  part  requiring  600  parts  of  boiling 
and  1700  parts  of  cold  ether.  It  is  soluble  in  alcohol,  1  part  requiring  47 
parts  of  boiling  and  1460  of  cold  alcohol.  Its  solubility  in  water  is  stated 
to  be  1  in  55  parts  at  100°  C.,  1  in  600  parts  at  20°  C,  and  1  in  1600  at 
0°  C.  It  is  somewhat  soluble  in  chloroform  and  warm  amyl-alcohol,  but 
with  difficulty  soluble  in  benzole. 

Theobromin 1  forms  easily  crystallisable  salts.  The  simple  neutral  salts 
are  decomposed  by  water,  with  the  formation  of  basic  salts,  and  lose  their 
acid,  if  it  is  volatile,  at  100°  C.  A  hydrochloride  of  theobromin,  C7II8N40.„ 
HC1;  a  nitrate,  C7H8N402,NHOs;  a  platinum  salt,  C7H8N402,HClPtCL> 
+2H20 ;  are  all  very  definite  crystalline  compounds.  A  noteworthy  salt 
is  that  with  nitrate  of  silver,  which  is  formed  by  adding  a  solution  of 
argentic  nitrate  to  a  solution  of  nitrate  of  theobromin;  in  a  short  time 
there  separate  silver-white  needles,  very  insoluble  in  water,  of  the  com- 
position C7H8N402,NH03+AgN03. 

The  other  precipitants  of  theobromin  are — phospho-molybdicacid  (yellow) 
and  chloride  of  gold  (long  needles).  Tannic  and  picric  acids  only  produce 
turbidity,  while  potass,  mercuric  iodide  and  potass,  cadmium  iodide  do  not 
precipitate.  A  characteristic  reaction  of  theobromin  is  that  produced  by 
peroxide  of  lead  and  sulphuric  acid.  If  peroxide  of  lead  and  diluted 
sulphuric  acid  are  heated  with  theobromin,  avoiding  an  excess  of  the 
oxidising  agent,  C02  is  developed,  and  if  filtered  from  lead  sulphate  the 
filtrate  gives  off  ammonia  with  potash,  separates  sulphur  on  treatment 
with  SHg,  stains  the  skin  purple-red,  and  colours  magnesia  indigo-blue. 

Theobromin  is  jwisonous  to  kittens  (and  other  animals  of  similar  size)  in  such  large 
doses  as  a  gramme.  It  appears  to  be  separated  by  the  kidneys,  and  could  probably  be 
discovered  in  the  urine  of  any  ircrson  taking  large  quantities  of  cocoa.  The  method  of 
research  successfully  used  by  Mitscherlich  is  as  follows :— The  urine  is  acidified  with  HC1, 
filtered,  and  to  the  filtrate,  acidified  with  nitric  acid,  a  solution  of  phospho-moly bdate  of 
soda  is  added.  The  precipitate  is  collected,  and  treated  with  baryta  water  until  it  is 
strongly  alkaline,  wanned,  filtered,  and  the  filtrate  evaporated ;  the  residue  extracted 
with  alcohol,  re  filtered,  and  the  filtrate  again  evaporated.  This  last  residue  is  dissolved 
in  a  drop  of  hydrochloric  acid,  and  precipitated  by  ammonia.  The  alkaloid  may  now  be 
collected,  and,  if  necessary,  purified. 

§  260.  Cocoa  red  is  an  astringent  colouring-matter  found  in  cocoa. 
On  saponification  it  breaks  up  into  glucose,  tannin,  resin,  and  the  ill- 
defined  brown  amorphous  substance  to  which  has  been  given  the  name  of 
phlobaphene. 

When  cocoa  is  freed  from  fat  the  red  colouring-matter  is  only  partially 
extracted  by  solvents,  unless  a  mineral  acid  has  been  added.  By  adding 
a  few  cubic  centimetres  of  hydrochloric  acid  and  gently  warming  for  a  few 
seconds,  the  red  colouring-matter  is  dissolved  with  great  ease  by  amyl 
alcohol,  as  well  as  by  ethyl  alcohol.  It  can  be  in  part  shaken  out  of  an 
aqueous  solution  by  amyl  alcohol.  It  is  insoluble  in  ether  or  petroleum 
ether,  but  dissolves  to  a  slight  extent  in  carbon  bisulphide.    The  best  way 

1  S.  Fischer  (Ber.  d.  d.  chem.  Qeaell*.,  zv.,  453-456)  has  transformed  xanthine, 
CBHJSf4Op  into  theobromin  by  heating  lead  xanthinate,  dried  at  130°  in  a  sealed  tube, 
at  100°  with  i  its  weight  of  methyl  iodide. 
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to  extract  cocoa  red  is,  apparently,  as  follows  : — From  2  to  3  grms.  of  the 
fat-free  cocoa  are  made  into  a  paste  with  hydrochloric  acid,  the  acid  paste 
put  into  a  Soxhlet  tube  and  exhausted  by  100  c.c.  of  absolute  alcohol,  the 
alcohol  being  heated  in  a  flask  standing  in  a  beaker  of  boiling  water. 
Before  beginning  the  extraction,  sufficient  silver  oxide  is  added  to  the 
alcohol  in  the  flask  to  fix  the  hydrochloric  acid.  The  alcoholic  liquid  is 
cooled,  filtered,  and  then  precipitated  by  an  alcoholic  solution  of  lead 
acetate.  The  precipitate  is  of  a  purple  black.  It  is  collected  on  a  filter, 
well  washed  with  boiling  water,  and  then  transferred  to  a  small  flask,  some 
70  per  cent,  alcohol  added  and  the  lead  salt  decomposed  by  SH2;  on 
getting  rid  of  the  SHj,  filtering  and  evaporating  to  dryness,  the  red 
colouring-matter  is  obtained  in  a  solid  form,  and  by  repetition  of  the 
process  purification  may  be  effected. 

A  solution  of  cocoa  red  obtained  in  this  way  gives  a  diffuse  band  in  the 
green,  allowing  the  red,  blue,  and  most  of  the  yellow  rays  to  be  transmitted. 
The  solution  in  alcohol  is  capable  of  being  estimated  on  colorimetric 
principles,  but  low  results  are  obtained  because  the  process  always  entails 
some  decomposition. 

If  estimated  by  quantitative  spectroscopy,  the  wave  lengths  between 
590  and  578,  between  578  and  565,  and  between  539  and  529  are  the  best 
adapted. 

The  absorption  factors  for  these  wave  lengths  are  as  follows  : — 


Cocoa  red  is  a  sensitive  reagent  to  acids  and  alkalies,  alkalies  generally 
striking  a  dirty  green,  mineral  acids  a  red  with  a  violet  shimmer.  The 
solution  in  water  is  bitter,  and  gives  precipitates  with  the  salts  of  iron, 
copper,  and  silver. 

Zipperer's  Method  of  Determining  Cocoa  Red  and  the  Products  of  its 
Decomposition. — 100  grms.  of  cocoa  are  exhausted  of  fat  by  petroleum 
ether.  The  residue  is  dried  and  then  macerated  for  8  days  in  a  litre  of 
absolute  alcohol.  The  alcohol  is  filtered  off,  and  most  of  the  alcohol  is 
recovered  by  distillation;  in  any  case  the  alcohol  is  evaporated  to  an 
extract  and  weighed.  This  mainly  consists  of  cocoa  red  with  resin  and 
phlobaphene,  products  of  its  decomposition  ;  the  weight  may  be  designated 
by  p.  The  cocoa  which  has  been  exhausted  by  petroleum  ether  and  treated 
with  alcohol  is  now  macerated  in  a  litre  of  water  for  two  days,  at  the  end 
of  which  period  it  is  filtered.  The  filtered  liquid  is  precipitated  by  four 
times  its  volume  of  absolute  alcohol  and  again  filtered.  The  filtrate  is 
evaporated  to  an  extract.  The  extract  is  treated  with  a  definite  quantity 
of  water,  and  a  fractional  portion  of  this  is  precipitated  with  neutral  acetate 
of  copper ;  the  tannate  of  copper  is  collected,  dried,  weighed,  and  incinerated, 
the  loss  of  weight  on  incineration  being  returned  as  tannin  ;  let  this  weight 
be  denoted  asp1 ;  thenp  +  pl  equals  'cocoa  red.'  The  phlobaphene  and 
resin  may  also  be  determined.  To  do  this  the  alcoholic  extract,  p,  after 
being  weighed,  is  treated  on  a  filter  with  acidulated  water  (which  dissolves 
the  tannin)  and  washed  with  water.  The  residue  thus  freed  from  tannin 
is  washed  with  200  c.c.  of  ammoniacal  water  (50  per  cent.)  which  dissolves 
the  phlobaphene ;  and  the  solution  is  filtered,  evaporated  to  dryness,  and 
weighed  as  phlobaphene.  The  residue  freed  from  tannin  and  phlobaphene 
is  dried  and  weighed  and  returned  as  resin.  Zipperer  obtained  from  a 
sample  treated  in  this  way,  p= 2  64  per  cent.,  ^  =  2-85,  phlobaphene  2*0, 


A590  to  578, 
A578  „  565, 
X639  ,,  529, 


0-001382 

0*00148 

0-000995 
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resin  0*07 ;  in  other  words,  the  total  cocoa  red  was  5*49,  the  tannin  gluco- 
side  being  equal  to  the  difference  between  the  weight  of  the  total  cocoa  red 
and  the  united  weight  of  the  phlobaphene  and  resin — that  is  to  say,  5*49— 
2-07  =  3*42  percent. 

Zipperei?s  method  with  its  large  quantities  of  absolute  alcohol  is 
expensive  and  time-consuming,  and  without  a  doubt  could  be  simplified. 
With  careful  work  certainly  a  tenth  of  the  quantities  may  be  used — that 
is  to  say,  10  grms.  of  cocoa  instead  of  100,  and  the  solvent  diminished  in 
the  same  proportion.  • 

§  261.  Determination  of  Crude  Fibre. — A  gramme  of  the  substance  is 
freed  from  fat  by  exhaustion  in  a  Soxhlet  tube  with  ether  or  petroleum 
ether.  It  is  then  boiled  under  an  inverted  condenser  with  1  '25  per  cent 
of  dilute  sulphuric  acid;  for  this  purpose  from  100  to  150  c.c.  of  acid  will 
be  required ;  it  is  then  filtered  and  thoroughly  washed  with  hot  water. 
The  matter  on  the  filter  is  next  washed  into  a  flask  and  boiled  with  100  c.c. 
of  1*25  per  cent,  soda  solution.  This  is  filtered  and  the  residue  thoroughly 
washed  with  hot  water  and,  lastly,  with  alcohol,  collected  on  to  a  platinum 
dish,  dried,  weighed,  and  ignited. 

§  262.  The  Ash. — The  composition  of  the  ash  of  cocoa  seeds  is  stated 
by  Mr.  Wanklyn  to  be  as  follows  : — 


Composition  of  Ash  of  Cocoa  Seeds. 

Per  cent. 

Potash,   29*81 

Chloride  of  sodium,   6*10 

Ferrous  oxide,   1  -60 

Alumina,   .2*40 

Lime,   7  72 

Magnesia,   7  *90 

Phosphoric  acid,   24*28 

Sulphuric  acid,   1  *92 

Carbonic  acid,   0*98 

Silica,   5  -00 

Sand,   12-15 

The  percentages  of  ash  found  in  cocoa  are  given  as  follows : — 

Percentage 
of  Aih. 

Common  Trinidad,   3*27 

Very  fine  Trinidad,   8  *62 

Fair,  good,  fine  Trinidad,   3*64 

Fine  Grenada,   3  *06 

Caraccas,   4  '58 

Bahia  (Brazil),   3*31 

Fine  Surinam  (small),   3  *06 

Mexican,   4  *27 

Dominican,   2*82 

African,   2*68 

Mean  of  the  ten  being   3  *43 


Thus  the  lowest  determination  is  2*68,  the  highest  4*58  per  cent.  The 
nibs  show  a  lower  ash  than  the  shell.  The  nibs  of  the  Caraccas  give  3*95 
per  cent,  of  ash,  2-00  being  soluble  and  1-95  insoluble  in  water.  The  nibs 
of  Mexican  seeds  give  2-59  per  cent,  of  ash,  *89  part  being  soluble  and  1*70 
insoluble  in  water.  The  ash  of  the  shell  is  rich  in,  but  the  nib  almost 
devoid  of,  carbonates.  The  ash  should  in  all  cases  be  dissolved  in  a 
measured  quantity  of  d.  n.  sulphuric  acid,  boiled  to  expel  carbonic  acid  gas, 
and  then,  after  adding  litmus,  titrated  back  with  d.  n.  soda ;  the  difference 
between  the  two  results  is  a  measure  of  the  alkalinity  of  the  ash,  and  is 
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called  by  the  American  chemists  the  "acid  equivalent."  Dutch  cocoas  and 
others  which  have  been  treated  with  alkalies  show  a  high  alkalinity.  Mr. 
Heisch  has  examined  the  cocoas  of  commerce,  with  the  results  embodied  in 
the  following  tables : — 

TABLE  XXXIII.-— Examination  of  Roasted  Beans  after  Removal 
of  the  Husk. 


4 

a 

a 

i 

a 

1 

i 

1 

I 
< 

i 

1* 

ih  solubl 
HCl. 

a 

1 

0 
* 

u 

Caraccas, 

13*8 

48 '4 

176 

11-14 

3-95 

2-15 

1-80 

1-54 

4-32 

32-19 

Trinidad,  . 

15-5 

49*4 

176 

iri4 

2-80 

0-90 

1-90 

0-93 

3-84 

32*82 

Surinam, 

15-5 

54*4 

176 

11-14 

2  85 

0-80 

1-86 

1-23 

376 

28-85 

Guayaquil,  . 
Grenada, 

11-5 

49'8 

2  06 

13-03 

2-50 

175 

175 

1-87 

4*14 

80-47 

14-6 

45*6 

1-96 

12-40 

2*40 

0-60 

1-80 

1-36 

3*90 

3570 

Bahia,  . 
Cuba,  . 

9'6 

50-3 

1-17 

7-40 

2-60 

0-90 

170 

1-26 

4-40 

35-80 

12*0 

45*3 

1-37 

8-67 

2-90 

0-95 

1-95 

1-13 

372 

39*41 

Para,  . 

8-5 

54-0 

2*00 

12-66 

3-05 

1-40 

1-65 

1-00 

3*96 

26*83 

There  are  also  some  analyses  by  Konig  as  follows : — 

TABLE  XXXIV.-— I.  Cocoa  Beans  deprived  of  the  Shell. 


Nitro- 

Other 

Water. 

genous 
Sub- 
stances. 

Fat. 

Starch. 

Nitrogen 

Free 
Matters. 

Cellu- 
lose. 

Ash. 

1. 

Caraccas  I. , 

4*04 

14-68 

46*18 

1274 

(18-50) 

3-86 

2. 

„      II.,  .  . 

472 

14-06 

49'36 

13-99 

9'46 

4-20 

4-21 

3. 

Guayaquil  I.,  . 

3  63 

14-68 

49*64 

11*56 

12-64 

413 

372 

4. 

,,  II., 

2-61 

16-25 

46-99 

10-82 

16-12 

8*53 

3*68 

5. 

Trinidad  I.,  . 

2-81 

15-06 

48-32 

14-91 

12-06 

8-62 

3-22 

6. 

„      II.,  .  . 
Puerto  Cabello, 

2-28 

15-12 

5214 

14-38 

8*82 

3-87 

3*39 

7. 

2-96 

1503 

50-57 

12*94 

11-49 

8-07 

3*94 

8. 

Socoenusco, 

2-95 

1319 

48*38 

1513 

18-20 

3  34 

8-21 

Mean, 

3-25 

1476 

49-00 

13*31 

12-85 

8-68 

8*65 

II.  Cocoa  Husks. 


Amount 
of  Shell. 

Water. 

Nitro- 
genous 
Sub- 
stances. 

Fat. 

Nitrogen 
Free 
Con- 
stituent. 

Cellu- 
lose. 

Ash. 

Sand. 

1.  Caraccas  I., 

15-03 

7-41 

13*98 

4*94 

4178 

1291 

7*41 

12-62 

2.       „      II.,  . 

20-09 

774 

11-68 

5-99 

35-29 

1279 

8-32 

18-19 

3.  Guayaquil, 

8*93 

13-44 

8-12 

48-01 

1387 

6-81 

0-82 

4. 

911 

12*94 

1075 

47  08 

1312 

679 

0-21 

5.  Trinidad, 

15-35 

9-04 

14*94 

6-18 

44-80 

16-36 

6*39 

2-29 

6.  „ 

14-04 

8-30 

15-44 

4*23 

46*05 

18-00 

7-06 

0-92 

7.  Puerto  Cabello,  . 

14*92 

6-40 

1375 

4*38 

47-12 

1483 

6*06 

7*46 

8.  Socosnusco, 

18*58 

6-48 

19-12 

6'48 

39*39 

15*67 

8-15 

471 

Mean, 

16*33 

7-83 

14-29 

6-38 

43  79 

14*69 

7-12 

5-90 
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Sixty-four  analyses  of  commercial  samples  of  cocoa  and  chocolate  have 
been  made  in  the  U.S.  Agricultural*  Laboratory,  and  the  general  results 
may  be  classified  as  follows : — 


TABLE  XXXV. 


Moisture. 

Fat. 

Fibre. 

Total 
Ash. 

I  Acid 

~  Equivalent 
Equivalent    \y  ^ 

Sugar. 

A.  Samples  of  cocoa  or  chocolate  in  commerce  without  any  admixture,  but  most  of 
them  evidently  showing  treatment  by  steam  or  alkalies. 

Maximum,     .       .  3*5 
Minimum,            .  2*5 
Mean,    .      .      .  3*0 

50*85 
27-56 
85  0 

5-02 
2-87 
3*90 

8*64 
317 
5-28 

16-6  4*9 
4-9    1  1-35 
12*0         2  2 

B.  Cocoas  and  chocolates  mixed  only  with  sugar. 

Maximum,     .      .  |  175 
Minimum,      .      .  !  0*55 
Mean,    .      .      .  !  1-18 

2574 
18-47 
22-8 

1-99 

0-  94 

1-  31 

2*20 
1-28 
1-58 

2-90 

1-  50 

2-  31 

1-20 
72 
1-40 

63-0 
51-0 
57*3 

C.  Cocoas  and  chocolates  mixed  with  wheat,  flour,  and  sugar. 

Maximum, 

Minimum,  , 

Mean,  . 

2'46 
0*85 
171 

2872  1-85 
16-92  0*81 
2079  1-14 

3*29 

0-  97 

1-  55 

270 
1-25 
1-86 

1-58 
0-46 
1*28 

60-0 
51-0 
567 

D.  Cocoas  and  chocolates  mixed  with  arrcnoroot  and  sugar. 

Maximum, 
Minimum, 
Mean, 

2'5 
0*6 
1-4 

2879 
11-13 
22-80 

1-  20 

2-  62 
1-85 

3-15  4-60 

1-  40  2-25 

2-  30  3-08 

1-63 

0-  83 

1-  37 

51-00 
25-00 
36*4 

R.  Bensemann  lays  stress  on  the  relations  between  the  fat,  starch,  and 
matters  insoluble  in  water.  Designating  the  starch  by  S,  the  fat  by  F, 
the  insoluble  matters  in  water  by  U,  the  starch  divided  by  the  difference 
between  the  fat  and  matters  insoluble  in  water  gives  what  Bensemann  calls 
"the  starch  coefficient,"  and  is  an  aid  to  estimating  the  admixture  of 
cocoa  with  flour  or  starch.  He  also  gives  other  coefficients.  This  method 
and  its  results  can  be  gathered  from  his  analysis  as  follows : — 
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TABLE  XXXVII.— Numerical  Relations  between  the  various  Constituents 
of  the  Cocoas  in  the  preceding  Table  as  calculated  by  Bensemann. 


S= starch  ;  F=/crf ;  U= total  organic  matter  insoluble  in  water. 


1 

8 

F 

f  -8 

8 

U 

F 

U 

8 
F 

Air-dried  husked  beans — 
Machala  (Guayaquil),  . 

0  4Zov 

0-4074 

0  045Z 

0-3583 
0*3660 

A  .7 9 Oft 

0  fovD 
0-7273 
U  I  ltd  I 
0-7330 
0-7784 

A»1  AQA 

0*1578 

A«1  OA  T 

0-1297 
0-1481 

A  «A1  QK 

u  oioo 
0-6125 

A  «rtQQ7 
U  OOO/ 

0-6379 
0-6589 

A  *QA4  K 
U  Z04D 

0-2577 

0*2033 
0-2247 

Means,  .... 

0*3946 

0  7406 

0-1446 

0  6335 

0-2283 

Air-dried  husks — 

Trinidad,  

Machala  (Guayaquil),  . 

0*1390 

A.I  JCOK 

0  1525 
0*1515 
0-1272 
0-1850 

0  0412 
0  0356 
0-0467 
0-0402 
0-0797 

0*1341 

AO  ATfl 

0  147V 
0-1455 
01227 
01728 

0-0357 

U  Oo04 

0*0399 
0-0352 
0*0660 

87664 

4  00/ 4 

8-6413 
3  4827 
2*6202 

Means,  .... 

0*1608 

0-0484 

01446 

0  0414 

3  4920 

Chocolate  in  cakes  mixed  with  sugar 
only— 
4*8  marks  per  kilo, 
4"0      „      „  ... 
8*2      „       „  ... 
2'4      „      „  ... 
2*0  ... 

0*8838 
0-8476 
0-3310 
0-3029 
0-8729 

07308 
07161 
07226 
0  7035 
0  7490 

0-1438 
0-1314 
0-1207 
0-1141 
0-1298 

0-6253 
0  6220 
0*6354 
0  6232 
0-6517 

0-2300 
0-2112 
0-1899 
0-1831 
0-1992 

Means,  .... 

0-3480 

07245 

0-1282 

0-6317 

0-2029 

§  263.  Stutzer  classifies  the  nitrogenous  constituents  of  cocoa  as 
follows : — 

1.  Non-proteids,  substances  soluble  in  neutral  water  solution  in 
presence  of  copper  hydrate  (theobromin,  ammonia,  and  amido 
compounds). 

2.  Digestible  albumen. 

3.  Insoluble  and  indigestible  nitrogenous  substance.  In  three  samples 
he  found  the  mean  numbers  in  per  cent  of  totpl  nitrogen  to  be — soluble 
non-proteid  nitrogen  29'4  per  cent,  albumen  32*2  per  cent,  and  not 
digestible  38*4  per  cent.  Mr.  Wigner's  examination  of  the  nitrogenous 
constituents  of  cocoa,  based  on  84  commercial  samples,  is  given  in  Table 
XXXVIII. 

§  264.  Adulterations  of  Cocoa. — The  list  of  adulterations  usually  given 
is  as  follows : — Sugar,  starches,  Venetian  red,  brick-dust,  and  peroxide  of 
iron.  Some  of  these  sophistications,  such  as  the  starches,  may  be  detected 
by  a  preliminary  microscopical  examination,  which  in  no  instance  should 
be  neglected.  The  ordinary  chemical  examination  consists  in  the  extraction 
of  the  fat  as  before  described,  the  estimation  of  the  percentage  of  ash  in 
the  ordinary  way,  its  division  into  soluble  and  insoluble,  and  its  content  of 
phosphoric  acid.  By  a  simple  estimation  of  the  fat  and  the  chief  con- 
stituents of  the  ash,  supplemented  by  the  use  of  the  microscope,  all  known 
adulterations  can  be  detected.    The  amount  of  phosphoric  acid  in  the  ash 
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of  soluble  cocoas  has  been  taken  as  a  basis  of  calculation  of  the  amount  of 
cocoa,  and  in  the  absence  of  foreign  seeds,  or  other  phosphate-producing 
substance,  the  calculation  will  be  a  fair  approximation  to  the  truth.  The 
ash  itself  and  the  amount  of  phosphoric  acid  will,  of  course,  be  very 


TABLE  XXXVIII.—  Nitrogenous  Constituents  of  Cocoa. 


1 

Total  Nitrogen. 

CoagnUble 
Nitrogen. 

m 

IP 

V 

1 

m 

si 

if 

1-095 

•600 

9  92 

3-80 

3  12 

54-9 

1-162 

•760 

7-35 

4-81 

2*54 

es'5 

3.  . 

2  978 

2-335 

18*84 

14-79 

4  05 

78  '6 

4.  . 

•965 

•375 

611 

2-87 

8-74 

38*8 

5.  . 

-699 

•330 

4*42 

209 

2*33 

47-8 

1-201 

•770 

7-61 

4-88 

273 

34'1 

'  Socunza,  . 

2-040 

1175 

12-92 

7-44 

4-48 

57'6 

Roasted  beans,  - 

Para, 
Trinidad, 

2-000 
1-490 

1-045 
1-050 

12  67 
946 

6-62 
6*65 

6  06 
2-81 

52*2 
70-3 

,  Grenada, . 

2-370 

1-335 

14-99 

7  56 

7-48 

50  4 

notably  diminished  in  the  case  of  the  soluble  cocoas,  and  the  percentage  of  the 
phosphoric  acid  will  in  such  instances  be  a  fair  guide  to  the  amount  of 
foreign  admixture.  For  example,  suppose  a  soluble  cocoa  to  yield  an  ash 
of  1*5  per  cent.,  '6  of  which  is  due  to  phosphoric  acid,  taking  as  a  basis 
of  calculation  *9  per  cent.1  of  phosphoric  acid  in  cocoa  nibs : — 

•6  x  100  aa- 

That  is,  the  mixture  contains  about  66*6  per  cent,  of  cocoa.  The  amount 
of  starch  in  cocoa  may  be  determined  in  the  ordinary  way,  as  described  at 
p.  136  et  seq.,  but  the  process  is  somewhat  tedious,  and  may  be  dispensed 
with,  since  the  extract  in  cold  water  is  always  a  guide  to  the  adulteration 
by  starchy  substances.  Cocoa  nibs  treated  in  this  way  give  to  water  about 
6*76  per  cent,  of  organic  matter  and  2*16  of  ash.  The  determination  of 
theobromin  and  of  cocoa  red  is  also  of  use. 

§  265.  Adulterations  of  Chocolate. — Oil  of  almonds,  cocoa-oil,  beef  and 
mutton  fat,  starches,  cinnabar,  chalk,  and  various  other  substances  are 
usually  enumerated;  a  few  of  these  are,  however,  apocryphal. 

The  analysis  of  chocolate  is  conducted  on  exactly  the  same  principles 
as  that  of  soluble  cocoa.  If  it  is  desired  to  separate  the  different  con- 
stituents, the  method  recommended  by  A.  Porrier  may  be  used  : — Extract 
the  fat  with  ether,  and  the  sugar  with  alcohol  of  20  per  cent.,  and  dissolve 
the  starch  out  by  boiling  water.  The  liquid  holding  the  starch  is  then 
decolorised  by  animal  charcoal,  and  the  starch  precipitated  by  alcohol  of 
50  per  cent.,  dried,  and  weighed.  But  as  regards  adulteration,  the  pro- 
cedure recommended  in  the  case  of  cocoa  will  be  found  quite  efficient,  and 
less  cumbersome  and  tedious. 

1  The  lowest  percentage  given  by  Mr.  Heisch,  and  but  little  different  from  Mr. 
Wanklyn's. 
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ALCOHOL. 

§  266.  The  term  alcohol,  in  its  strict  chemical  sense,  applies  only  to 
the  neutral  compounds  of  oxygen,  carbon,  and  hydrogen,  which,  by  the 
action  of  acids,  form  ethers.  The  principal  alcohols  are  enumerated  in  the 
following  table : — 


TABLE  XXXIX.— Exhibiting  thr  Proprrtiks  op  the  Principal  Alcohols. 


Alcoholi. 

Formula, 

WpecMc  Gravity, 

Vapour. 
Kcl.  Wt, 

hotting  Point. 

Vapour. 

Em\. 

Kahr. 

Cent. 

1.  Wood   spirit,   or  \ 

taethylic  alcohol,   ,  ] 

2,  Spirit   of    wine,    or  i 

e  thy  lie  alcohol,     .  t 

3,  Tritylio  or  propylic,  . 

4.  Te  try  lie  or  outylic,  , 

5,  Fousel  oil,  or  amylio, 

6.  Hexylic  or  caproic,  . 

7.  Heptylic,  . 

8,  Octyhc  or  caprylic,  , 
12,  Laurylic,  , 

10*  Etna!  orcetylic, 
27,  Cerotin  or  cerylic, 
30.  ilelisBiu  or  welliaylio 

CH40 
CfH,aO 

0798 

0  817 

0*8032 

U-81S4 

0"833 

0-819 

0-323 

1-12 

2*02 
2'580 
8*147 
3-53 

4 '50 

16 

23 

30 
37 
44 
51 
58 
65 

148  6 

173'0 

207'3 
242  0 
230-0 
314'0 
848-8 
384  '8 

84-7 

78*3 

07'4 
1170 
188-0 
157-0 
176-0 
Itifl-O 

Of  these  ethylic  alcohol,  wood  spirit,  and  f ousel  oil  are  the  three  of  most 
importance  to  the  analyst. 

Ethylic  Alcohol,  C2H60,  specific  gravity,  0*8059  at  0°  C,  0*7936  at 
15° -5  C. ;  boiling  point,  78° *3  C.  Absolute  alcohol  is  usually  obtained  by 
digesting  strong  alcohol  with  freshly  ignited  lime,  and  distilling.  Young 1 
has,  however,  shown  that  a  mixture  of  alcohol,  benzene,  and  water 
distilled  with  the  aid  of  an  efficient  still  head,  and  fractionated,  will  yield 
at  one  operation  a  large  fraction  of  alcohol  containing  a  little  over  I  per 
cent,  of  water.2  This  fraction  on  repeating  the  operation  may  be  made 
similarly  practically  absolute  by  the  use  of  benzene,  the  benzene  acting  as 

1  Journ.  Chem.  Soc.  Trans. ,  1902,  707. 

3  Dilute  methyl  alcohol  can  be  freed  from  water  by  simple  fractional  distillation 
(Young  and  Fortey,  op.  cit.t  719). 
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TABLE  XL. — Estimation  of  Alcohol. 


Specific 
gravity, 
15-5\ 



Absolute 
Alcohol 
by  weight. 
Per  cent. 

Absolute 
Alcohol 

by  volume. 

Per  cent. 

Proof 
Spirit. 
Per  cent. 

Specific 
15*5\  ' 

Absolute 
Alcohol 
by  weight. 
Per  cent. 

Absolute 
Alcohol 
by  volume. 
Per  cent. 

Proof 
Spirit. 
Per  cent. 

1  "0000 

0*00 

0*00 

0*00 

•0100 
V4VV 



A1-K7 
04  O/ 

n  *A7 

41  Of 

72  50 

*9999 

v  vO 

VJ  \fl 

0*19 
v  J.Z 

•OlAQ 

OO  U9 

11  *QA 
41  VU 

7A'1A 

/  0  40 

*9989 

0*58 

0*7A 

1*28 

•0170 

V4/  y 

OO  OO 

19*1K 
4Z  40 

1  4  OV 

"9979 

1*12 

1  '42 

2*48 

•OlAQ 

v4ov 

AA'AA 
OO  UO 

4A*A1 
40  vl 

7VA7 
1 0  OI 

•9969 

1  *75 

2*20 

3*85 

•01  £.0 

V40V 

AA*A1 
OO  OX 

1A*AA 
40  OO 

/  0  *io 

*oo*>Q 

VVOV 

9.00 

z  OO 

9 'OA 

Z  VO 

K*l  A 
0  10 

•QUO 

v44v 

A7*1  7 
Of  1/ 

11  *91 
44  Z4 

77 

1 1  OO 

•9949 

9*AQ 

Z  OV 

A*A9 

A*A1 
0  04 

•01  AO 
V40V 

A7«79 
OI  1 Z 

11  *AA 
44  OO 

7A*A1 
/  O  0  J 

*9939 

0  -47 

4*31 
*  o*# 

f  ox 

•Q19Q 

yizy 

00.00 
00  ZO 

1K'17 
40  4/ 

7Q*Aft 

f  V  OO 

*9929 

4*06 

K  -Aft 
O  vO 

8*90 

•Oil  Q 

V4iy 

AA'AA 
OO  OO 

1A*AA 
40  UO 

ov  1 0 

'9919 

4  UV 

O  Ov 

1  A*9A 

IV  ZO 

•QIAO 

V4uy 

OV  OO 

lA'Al 
40  04 

Al  *71 
01  /  4 

*9909 

O  OI 

A 'Aft 
v  OO 

11  *A9 
1 1  oz 

•QAQQ 

yoyy 

AQ'ftK 
OV  oO 

17*1  A 
4/  IO 

A9*A0 
OZ  OV 

*9899 

5*94 

7*40 

12*97 

•OAfiQ 

vooy 

lA'AK 
4U  OO 

17*79 
4/  f  Z 

AA*A1 

OO  OI 

*9889 

6*64 

8*27 

14*50 

•OA7Q 

vo«  y 

lA'AR 
4U  OO 

1ft  *9A 
40  ZO 

ftl'fift 
0*1  OO 

'9879 

7  *aa 

9*13 

1  5*00 
10  vv 

•OAAQ 

yooy 

11  *Afc 
41  OO 

lfi*AA 
40  OU 

OO  OO 

*9869 

A  "Art 

0  'OK 
If  VO 

1  7*1A 
1  /  IO 

•QAKQ 

yooy 

1 1  *QK 
41  oO 

10  "31 
4v  04 

AA*17 
OO  4/ 

•9859 

871 

10-82 

18*96 

-9349 

42*33 

49*86 

8737 

•9849 

9'43 

1170 

20*50 

•9339 

42*81 

50-37 

88-26 

•QftAO 
voov 

1  a*i 

lV  IO 

I9*RA 
XZ  OO 

99  *AA 
ZZ  uD 

•QA90 

vozv 

40  ZV 

OU  Of 

AQ*1  f\ 
ov  10 

vozv 

r  *1A*09 
1  M\J  VZ 

1  A*K9 
10  OZ 

9A  *7A 
ZO  SU 

•001 0 
volv 

40  /O 

01  OO 

OA  «AQ 

yu  uo 

If  ox  v 

11  *A0 

1 1*1  A 
It  *iO 

9K*A1 
ZO  0*1 

vouv 

A  A  «00 

44  zo 

01  5/ 

OA  >fiO 
VU  ov 

•QAAO 
VOW 

19*lrt 
i«  40 

1  K«1A 

XO  4U 

9A*QQ 
zo  yy 

•oooo 
yzyy 

A  i  •AQ 

41  Do 

OZ  04 

01  *7A 

yi  10 

•0700 
VI  Vv 

1 A  *9A 

1  A*AA 
10  OO 

9ft  *A9 
ZO  OZ 

•OOQO 

yzov 

40  14 

Oz  oz 

vz  00 

VI  OV 

1 1  'OA 
X*  vu 

1  7  *9A 
1/  10 

AA*9A 
Ov  ZO 

•oo7o 

VjCIV 

40  OV 

OO  ZV 

vo  ov 

VI IV 

11*01 
X*  V I 

1  A*Aft 
XO  OO 

A9*10 

oz  iv 

vzoy 

40  UO 

DO  1 1 

01*99 
V4  ZZ 

•07AO 

Vf  OV 

1ft*7K 
10  /  0 

1  Q*AQ 
llf  OV 

AA'QA 
OO  VO 

•Q9KQ 

vzOv 

40  OU 

KA  'OA 
04  Z4 

VO  vO 

VI  ov 

1  A*K1 
xo  04 

9A  *AA 
ZU  OO 

AK  *AA 
OO  OO 

•QOi  O 

vz4v 

4oT"0 

K4  »71 
04/1 

QR*AA 
VO  00 

•0710 

iff  4V 

1  7«AA 
X  /  OO 

91  *90 
ZX  ZV 

A7  *AA 
OI  OV 

•OOQO 
VZOV 

47  41 

00  10 

QA*7A 
VO  f  U 

•07  AO 

91  OV 

1  AO  K 
10  JO 

99*97 
ZZ  Z7 

AO  *AA 

Ov  \JO 

•OOOO 

vzzv 

47  06 

00  00 

07 -KO 
vl  Oz 

•Q79Q 
VI  £v 

1  A*09 

9A*1  Q 

Zo  iy 

1A«A1 
4U  04 

vziy 

4o  oz 

KA  «1  1 
OO  11 

Qfi  «Q1 

yo  o4 

•071  0 

VI  XV 

1  Q*7K 

117  /  O 

91  *1  A 
Z4  XO 

19*AA 
4z  OO 

vzuy 

A  O  *77 

4o  V7 

KA  *&Q 

00  Oo 

OQ«1  A 

yy  10 

•07  no 
vf  Uv 

OA'S  ft 
ZU  00 

9K*1  7 
ZO  1/ 

44  1Z 

•01  no 
vv 

jn  ton 

4v  TfiO 

fC7 

07  aJz 

VV  vo 

•OAQO 
TfOW 

•OAfiQ 
VOOV 

•QA7Q 
ifOi  V 

91  *AA 
Zl  OO 

ZZ  10 
99*09 

zz  vz 

9A*1  A 
ZO  Xo 

97  »A1 
LI  U4 

97*0*\ 
Z7  T"0 

1K*70 
40  IV 

A 7  «QO 

4/  8v 
4oT"o 

•9198 

49*24 

57*06 

100 -oops 

•01  AO 
rXOV 

10 'Aft 
*2V  OO 

R7  *1U 

0/  *v 

100  76 

•9669 

23*69 

28*86 

60*57 

•9179 

50-18 

57  97 

101  *59 

•9659 

24*46 

2976 

52*16 

•9169 

60*57 

58*41 

102*35 

•9649 

26*21 

80-65 

5371 

•9159 

51*00 

58*85 

103*12 

•9639 

25*93 

31*48 

66*18 

•9149 

51*42 

69-26 

103-85 

•9629 

26*60 

32-27 

66-55 

•9139 

51*83 

59-68 

104*58 

•9619 

27*29 

38-06 

57*94 

•9129 

52*27 

60*1 1 

105-35 

•9609 

28-00 

33*89 

69-40 

•9119 

52  73 

60-56 

106*15 

•9599 

28-62 

34-61 

60*66 

•9109 

53*17 

61*02 

106-93 

•9589 

29-27 

85-35 

61  *95 

'9099 

53-61 

61-45 

107*69 

•9579 

29-93 

36-12 

63*30 

*9089 

54-05 

61*88 

108-45 

•9569 

30-50 

86  76 

64-48 

•9079 

64*52 

62*36 

109*28 

•9559 

31-06 

37-41 

65*55 

•9069 

65*00 

62*84 

110-12 

•9549 

81-69 

38-11 

66-80 

•9059 

55*45 

68-28 

110-92 

•9539 

32-31 

38*82 

68-04 

*9049 

65*91 

6873 

11171 

•9529 

32  94 

39*54 

69  29 

•9039 

56-86 

64-18 

112-49 

•9519 

33  53 

40*20 

70*46 

•9029 

56-82 

64*63 

113*26 

•9509 

34-10 

40  84 

71-58 

'9019 

57-25 

65-05 

113-99 
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OJJtJClOC 

gravity, 
16-5'. 

Abaolute 

Alcohol 
by  weight. 

Per  G£H^a 

Absolute 
Alcohol 
by  volume. 

_ 

XTOOI  I 

Spirit. 
Per  cent. 

Specific 
gravity, 
15-5\ 

Absolute 

Alcohol 
by  weight. 
Per  cent. 

Abtolute 
Alcohol 
by  volume. 
Per  cent. 

Proof 
Spirit. 
Per  cent. 

-9009 

67'67 

65*45 

114*69 

- 

'8449 

81*40 

86 '64 



HiX  00 

'8999 

58*09 

65*85 

115*41 

'8439 

81  *80 

86*96 

'8989 

58*55 

66*29 

116*18 

*8429 

82*19 

87*27 

io«  vo 

•8979 

59-00 

66  74 

116*96 

*8419 

82*68 

87*58 

1  M  *lfl 

'8969 

59*43 

67'15 

117*68 

'8409 

82 '96 

87  *88 

1  R4.*A1 
10*  vl 

-8959 

59-87 

67  '57 

118*41 

'8399 

83*35 

88  '19 

1  E\A  •Kl 

'8949 

60*29 

67*97 

119*12 

'8889 

88*73 

88*49 

100  VI 

"8939 

6071 

68*36 

119*80 

'8879 

84*12 

88*79 

155*61 

'8929 

61*13 

6876 

120 '49  , 

'8369 

84*52 

89*11 

1fWt*1ft 

-8919 

61*54 

69*15 

121*18 

•8359 

84  '92 

89*42 

1iWt*71 

'8909 

61*96 

69-54 

121*86 

'8849 

85*31 

8972 

I*//  a. 

'8899 

62*41 

69*96 

122*61 

'8339 

85*69 

90*02 

1  R7'7ft 
JO/  /o 

'8889 

62*86 

70*40 

123*36 

'8829 

86*08 

90*32 

100  CO 

•8879 

63*80 

70*81 

124*09 

'8319 

86*46 

90*61 

J.WO  IV 

'8869 

63  74 

71*22 

124*80 

'8309 

86*85 

90*90 

lf>0*^1 

iUB  Ol 

'8859 

64  17 

71*62 

125*51 

'8299 

87*28 

91 '20 

19V  OA 

'8849 

64*61 

72*02 

126*22 

'8289 

87*62 

91*49 

1  ftfl'QQ 
IOU  OO 

'8839 

65*04 

72*42 

126  *92 

•8279 

88*00 

91*78 

J.UV  0* 

'8829 

65*46 

72*80 

127*59 

'8269 

88*40 

92*08 

1U1  Of 

'8819 

65*88 

73*19 

128*25 

'8259 

88*80 

92*39 

Ifll  *Q1 
101  VI 

'8809 

66*80 

73*67 

128*94 

'8249 

89*19 

92*68 

XQA  19 

•8799 

6674 

73*97 

129*64 

'8239 

89*58 

92*97 

1  AO'QQ 
1Q«  VO 

•8789 

67*17 

74-87 

130*83 

'8229 

89*96 

93*26 

163  '43 

•8779 

67*58 

74  74 

130*98 

•8219 

90*32 

93  '52 

IvO  OO 

'8769 

68*00 

76*12 

131*64 

'8209 

90  '68 

98  77 

164*33 

•8759 

68*42 

75*49 

132 '30  | 

'8199 

91*04 

94*03 

ifti  -7  ft 

•8749 

68*83 

75*87 

132*95 

'8189 

91*39 

94*28 

1UU  .SO 

'8739 

69*25 

76*24 

133*60 

'8179 

9175 

94  '53 

lrt*i*A7 

1DJ  Ol 

•8729 

69*67 

76*61 

134*25 

•8169 

92*11 

9479 

166*12 

•8719 

70-08 

76*98 

134*90 

'8159 

92*48 

95*06 

XOO  OO 

•8709 

70*48 

77*32 

135*51 

'8149 

92*85 

95*32 

J. Of  V/* 

•8699 

70*88 

77*67 

136*13 

•8139 

93  *22 

95 '58 

1  rt7  *Kft 
10/  k)\t 

•8689 

71*29 

78*04 

13676 

'8129 

93 '59 

95*84 

JO f  VO 

-8679 

7171 

78-40 

137*40 

'8119 

93  *96 

96  '11 

IDo  *4 

•8669 

72*13 

7877 

138*05 

*8109 

94*31 

96*84 

•8659 

72  *57 

79*16 

13872 

'8099 

94  '66 

96*57 

IDV  L\ 

•8649 

73*00 

79*54 

139*39 

'8089 

95  *00 

96  *80 

•8639 

73*42 

79*90 

140*02 

'8079 

95*36 

97*05 

1 7n  «A7 

•8629 

73*83 

80*26 

140*65 

'8069 

95*71 

97*29 

•8619 

74*27 

80*64 

141*38 

'8059 

96*07 

97*58 

If  v  VV 

•8609 

7473 

81*04 

142*03 

'8049 

96 '40 

9775 

171*30 

•8599 

75*18 

81-44 

14273 

•8039 

96  73 

97*96 

171*68 

'8589 

75*64 

81*84 

143*42 

•Q09Q 

97*07 

98*18 

17  IVb 

'8579 

76*08 

82  *23 

144*10 

ov/i  v 

97*40 

98'39 

1  70  'AO 

172  43 

•8669 

76*50 

82*58 

14472 

•8009 

97  73 

98*61 

172*80 

•8559 

76*92 

82*93 

145*34 

7999 

98*06 

98*82 

178*17 

•8549 

77*33 

83*28 

145*96 

7989 

98'37 

99*00 

173-50 

•8539 

7775 

83*64 

146*57 

7979 

98'69 

99*18 

173*84 

•8529 

78*16 

83*98 

147*17 

7969 

99'00 

99*37 

174-17 

•8519 

78*56 

84*31 

147  76 

•7959 

'  99*32 

99*57 

174-52 

-8509 

78*96 

84-64 

148*32 

7949 

99*65 

99*77 

174-87 

•8499 

79*36 

84-97 

148*90 

7939 

99*97 

99*98 

175*22 

•8489 
•8479 

7976 
80*17 

85*29 
85*68 

149*44 
150*06 
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•8469 

80*58 

85-97 

150*67 

•8459 

81*00 

86*32 

151*27 

7938 

100-00 

100*00 

175-26 
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a  dehydrating  agent.  Absolute  alcohol  does  not  dissolve  common  salt,  nor 
does  it  give  a  blue  colour  when  digested  with  anhydrous  sulphate  of 
copper,  if  perfectly  water-free.  Filter  paper  saturated  in  the  following 
solution — viz.,  two  parts  of  citric  and  one  of  molybdic  acids  heated  to 
incipient  fusion,  then  dissolved  in  30  to  40  pints  of  water  and  dried  at 
1 00*  C,  is  not  bleached  when  soaked  in  absolute  alcohol ;  but  should 
water  be  present,  the  blue  of  the  paper  is  entirely  discharged.  Pure 
absolute  alcohol  bums  with  a  white  flame,  but  if  water  is  present  the 
flame  is  blue. 

There  is  no  cloudy  appearance  when  mixed  with  water,  showing  the 
absence  of  oily  matters.  It  should  be  also  perfectly  neutral  to  test  paper, 
and  leave  no  residue  on  evaporation.  It  must  be  remembered  that,  in  a 
commercial  sense,  *  absolute  alcohol'  is  any  stronger  spirit  than  can  be 
obtained  by  ordinary  distillation ;  and,  since  this  is  the  case,  it  would  be 
most  unwise  for  any  action  to  be  taken  under  the  "  Sale  of  Food  and  Drugs 
Act,"  unless  a  distinctly  fraudulent  statement  has  been  made.  "  Absolute 
alcohol,"  as  bought  over  the  counters  of  the  chemist,  is  seldom  above  from 
93  to  95  per  cent,  of  real  alcohol. 

§  267.  Rectified  Spirit,  as  defined  by  our  own  pharmacopoeia,  should 
be  of  specific  gravity  0*838 ;  by  that  of  the  Netherlands  0*830  to  0*834 ;  of 
Germany,  Switzerland,  and  Norway,  0*8336 ;  of  Austria,  0*838  ;  of  France, 
0*835  to  0*841.  It  should  be  neutral,  colourless,  volatilising  without 
residue,  and  free  from  other  alcohols. 

Proof  Spirit, — a  term  in  constant  use  for  purposes  of  excise, — is  a 
diluted  spirit,  which  was  defined  by  Act  of  Parliament  (58  George  III.)  to 
be  "such  as  shall,  at  the  temperature  of  10°  *0  C.  [51°  Fahr.]  weigh  exactly 
twelve-thirteenth  parts  of  an  equal  measure  of  distilled  water."  According 
to  Drinkwater  it  consists  of — 

Alcohol  by  weight,  49*24 

Water  by  weight,  60*76 

100*00 

and  its  specific  gravity  at  15°*5  C.  is  0*91984. 

In  the  analysis  of  all  spirits  (seeing  that  the  terms  '  proof '  and  '  under 
proof  are  used  and  known  in  the  trade),  the  statements  of  results  should 
always  include  the  percentage  of  proof  spirit. 

Spirits  weaker  than  proof  are  described  as  U.P.,  under  proof ;  stronger 
than  proof  as  O.P.,  over  proof  *  thus  a  spirit  of  50  U.P.  means  50  water 
and  50  proof  spirit,  60  U.P.,  60  water  and  40  proof  spirit.  On  the  other 
hand,  50  O.P.  means  that  the  alcohol  is  of  such  a  strength,  that,  to  every 
100  of  the  spirit,  50  of  water  would  have  to  be  added  to  reduce  it  to  proof 
strength.  In  all  the  above  the  strengths  are  only  good  for  the  normal 
temperature  of  15°*5. 

§  268.  Tests  for  Alcohol. — The  principal  tests  for  alcohol  are  the 
following : — 

(1.)  Production  of  Acetic  Ether. — To  a  distillate  or  aqueous  solution 
supposed  to  contain  alcohol,  some  acetate  of  soda  is  added  and  sulphuric 
acid  in  amount  more  than  sufficient  to  decompose  the  acetate.  The  flask 
containing  the  mixture  is  connected  with  a  Iiebig's  condenser,  placed 
vertically,  and  boiled  for  a  few  minutes  •  any  volatile  vapour  is  condensed, 
and  falls  back  again  into  the  flask.  On  removing  the  cork,  if  acetic  ether 
has  been  produced,  it  can  readily  be  detected  by  its  odour. 

(2.)  Reduction  of  Chromic  Acid  or  Bichromate  of  Potash  to  Oxide  of 
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Chromium. — A  crystal  of  chromic  acid,  placed  in  a  test-tube,  with  a  fluid 
containing  alcohol  warmed  to  a  boiling  temperature,  is  decomposed  into  the 
green  oxide  of  chromium.  Instead  of  chromic  acid,  a  test-solution  of  one 
part  of  bichromate  of  potash  dissolved  in  300  parts  of  sulphuric  acid  may 
be  used.  A  portion  of  the  liquid  to  be  tried  is  mixed  with  twice  its  volume 
of  concentrated  sulphuric  acid.  On  pouring  a  small  quantity  of  this 
mixture  into  a  quantity  of  the  test-solution,  a  deep  green  is  produced  where 
one  fluid  touches  the  other.  This  iB  a  very  good  test  in  the  absence  of 
other  reducing  agents,  such  as  formic  acid,  ether,  etc. 

(3.)  Dr.  Edmund  Davy's  Test. — Dr.  Davy  has  proposed  a  test  for 
alcohol  founded  on  a  colour  reaction,  and  produced  also  by  methyl,  propyl, 
butyl,  and  amyl  alcohols,  ether  and  aldehyde.  A  solution  of  one  part  of 
molybdic  acid  in  ten  of  strong  sulphuric  acid,  is  warmed  in  a  porcelain 
capsule,  and  the  liquid  to  be  tested  allowed  to  fall  gently  on  it.  If  alcohol 
is  present,  a  blue  coloration  appears  either  immediately,  or  in  a  few 
moments ;  the  liquid  gradually  absorbs  moisture  from  the  air,  and  the  colour 
disappears,  but  it  may  be  reproduced  by  evaporation.1 

(4.)  The  production  of  Iodoform. — According  to  Lieben,  one  part  of  alcohol  in  2000 
of  water  can  be  detected  by  adding  to  some  of  the  warmed  liquid  a  few  drops  of  a  10  per 
cent  solution  of  soda,  and  dropping  in  a  solution  of  potassium  iodide,  fully  saturated 
with  free  iodine,  until  the  liquid  is  yellowish-brown  ;  then  the  alkali  solution  must  be 
added  until  the  whole  is  colourless,  and  the  mixture  allowed  to  stand  for  many  hours, 
when  a  yellowish  crystalline  deposit  of  iodoform  is  obtained.  Under  the  microscope  the 
latter  presents  the  appearance  of  hexagonal  plates,  six-rayed,  or  other  varieties  of,  stellar 
crystals:  G2HflO  +  4L2+6NaHO=CHr3  +  NaCHOa  +  6NaI  +  5H20.  The  objection  to  this 
test  is,  however,  that  other  alcohols,  aldehyde,  gum,  turpentine,  sugar,  etc.,  give  a 
similar  reaction.* 

(5.)  TJie  production  first  of  Acetic  Acid,  then  of  Kakodyl. — A  very 
delicate  test  for  alcohol,  and  one  specially  suited  for  its  detection  in  the  blood, 
etc.,  is  recommended  by  Bucheim. 

The  finely-divided  substances  are  put  in  a  tubulated  retort,  and,  if  acid, 
carefully  neutralised.  In  the  neck  of  the  retort  is  placed  a  little  porcelain 
or  platinum  boat,  containing  platinum  black,  and  at  each  end  there  is  a 
moistened  piece  of  strongly-blued  litmus-paper.  On  warming  the  retort,  if 
alcohol  be  present,  it  is  oxidised  by  the  platinum  black  to  aldehyde  and 
acetic  acid ;  hence,  the  hinder  piece  of  litmus-paper  will  be  reddened,  the 
front  one  unchanged.  If  only  a  drop  of  acetic  acid  be  present,  it  is  possible 
to  detect  it  in  the  following  way : — The  platinum  black  is  washed,  the 
washing  water  neutralised  with  potash,  and  dried  after  the  addition  of  a  few 
grains  of  arsenious  acid.  On  warming  the  dry  residue  in  a  small  glass  tube,  if 
even  a  very  small  admixture  of  acetic  acid  be  present,  the  smell  of  kakodyl 
will  be  perceptible. 

(6.)  The  Action  of  Alcohol  on  Benzoyl  Chloride. — This  test,  proposed 
by  Berthelot,  is  based  on  the  fact  that  very  small  quantities  of  alcohol 
decompose  benzoyl  chloride  with  the  formation  of  ethyl  benzoate.  The 
sample  is  shaken  up  in  the  cold  with  a  few  drops  of  benzoyl  chloride ;  any 

1  Proceedings  of  the  Royal  Irish  Academy  [2]  ii.,  679-682  ;  Journ.  Chem.  Soc.t  vii., 
1877,  p.  108.  Gladstone  and  Tribe  (Journ.  Chcm.  Soc.,  No.  ccxlix.)  have  shown  that 
the  test  is  unreliable,  for  the  same  reaction  takes  place  with  ammonium  sulphide,  sodium 
sulphite,  formic  acid,  sugar,  and,  in  fact,  with  most  reducing  agents. 

2  Rajewsky  has  founa  that  the  brain  of  a  rabbit,  which  haa  been  starved  for  two  days 
before  death,  gave  a  marked  reaction  for  alcohol  with  the  iodoform  test,  and  the  same 
result  was  obtained  from  the  muscles  and  tissues  of  rabbits.  He  therefore  considers  that 
alcohol  always  exists  in  the  animal  organism,  or  that  it  is  produced  during  distillation. — 
Pfluger's  Archiv  fttr  Physiologic,  xi.,  122,  127. 
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ethyl  benzoate  formed  sinks  to  the  bottom  with  the  excess  of  benzoyl 
chloride.  This  heavy  layer  is  removed  by  a  pipette,  and  heated  with  a 
little  caustic  soda  or  potash,  which  dissolves  at  once  the  benzoyl  chloride, 
but  not  the  ethyl  benzoate,  and  the  latter  may  be  recognised  by  this 
insolubility,  by  its  general  properties,  and  by  its  boiling  point.  It  is 
nearly  insoluble  in  water,  burns  with  a  smoky  flame,  has  a  characteristic 
pleasant  odour,  and  boils  at  213°  C. 

Mr.  J.  Hardy  has  proposed  a  very  simple  test  for  the  detection  of 
alcohol,  which  may  be  performed  as  follows  : — Two  common  '  Nesslerising ' 
glass  cylinders  are  taken,  and  a  little  guaiacum  resin,  which  has  been 
removed  from  the  interior  of  a  freshly  broken  lump,  is  shaken  up  with  the 
sample  to  be  tested.  The  liquid  is  filtered,  and  a  few  drops  of  hydro- 
cyanic acid  as  also  a  drop  of  very  weak  solution  of  sulphate  of  copper  added. 
Exactly  the  same  process  is  adopted  with  an  equal  bulk  of  distilled  water. 
On  now  placing  the  two  liquids  in  the  glass  cylinders  side  by  side,  over  a 
porcelain  plate,  the  liquid  to  be  tested,  if  it  contains  alcohol,  will  be  found 
of  a  blue  colour  decidedly  darker  than  that  of  the  distilled  water. 

§  269.  Separation  of  Alcohol  from  Animal  Matters. — In  order  to 
obtain  alcohol  from  organic  matters  (e.g.,  the  contents  of  the  stomach, 
or  the  tissues),  the  following  process  will  be  found  convenient: — Solid 
matters,  such  as  the  tissues,  are  cut  up  as  finely  as  possible,  and  placed 
with  water  in  a  retort  attached  to  a  suitable  condenser.  Most  liquids 
require  no  previous  preparation,  and  are  merely  poured  into  the  retort  or 
flask,  as  before  described ;  but  it  is  desirable  in  the  treatment  of  urine  to 
add  a  little  tannic  acid.  About  one-third  to  one-half  of  the  liquid  is 
distilled  over  into  a  flask  closed  by  a  mercury  valve.  The  product  is  now 
exactly  .neutralised  with  decinormal  alkali  to  fix  any  volatile  acid,  and 
again  slowly  distilled,  about  one-third  being  drawn  over.  The  liquid  is 
next  neutralised  with  sulphuric  acid,  to  fix  volatile  alkalies,  and  redistilled. 
This  final  distillate  contains  all  the  alcohol,  but  neither  volatile  acids  nor 
alkalies.  The  liquid  thus  obtained  may  even  now  be  too  dilute  to  respond 
conveniently  to  tests,  and  it  may  therefore  be  digested  for  some  hours 
with  a  little  caustic  lime,  and  then  very  slowly  distilled.  The  distillate 
should  finally  be  carefully  measured  or  weighed,  and  divided  into  two 
parts,  one  of  which  serves  for  the  application  of  the  usual  tests,  the  other 
(if  alcohol  be  found)  can  be  oxidised  in  the  manner  described  at  p.  389 
and  estimated  volumetrically  as  acetic  acid. 

J.  Bechamp  (Compt.  Rend.,  lxxxix.,  573,  574)  has  succeeded  in  obtain- 
ing a  sufficient  quantity  of  alcohol  from  the  fresh  brain  of  an  ox  to 
estimate  it  by  the  specific  gravity,  and  has  also  separated  it  from  putre- 
fying animal  matter.  In  fact,  it  is  capable  of  proof,  that  all  putrefaction  is 
accompanied  by  the  production  of  minute  quantities  of  alcohol,  and  that 
the  living  cells  of  the  body  also  produce  it.  Hence,  in  questions  of 
poisoning,  it  is  not  enough  to  obtain  qualitative  reactions  for  alcohol, 
but  the  quantity  also  must  be  accurately  estimated. 

Estimation  op  Alcohol  and  Analysis  op  Liquids  containing  Alcohol. 

§  270.  Excellent  tables  for  the  use  of  analysts  have  been  published 
both  by  Mr.  Hehner  and  by  Dr.  Stevenson.  The  table  on  p.  380  et  seq. 
will  be  found,  in  the  absence  of  the  tables  mentioned,  sufficient  for  ordinary 
use;  any  specific  gravity  not  given  can  be  intercalated  by  the  ordinary 
rules  of  arithmetic. 
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Another  method,  sometimes  called  G rolling's,  of  arriving  at  the 
strength  of  dilute  spirits,  is  based  on  the  fact  that  the  temperature  of 
the  vapour  is  an  exact  measure  of  the  strength  of  the  alcohol.  The  bulb 
of  a  thermometer  is  put  (on  the  small  scale)  into  a  flask  with  a  bilateral 
tube,  and  the  temperature  of  the  vapour  carefully  noted.  The  following 
table  (XLL)  may  be  used : — 

TABLE  XLL— Showing  the  Content  of  Ethyl  Alcohol  by  Volume  of 
Boiling  Spirits  and  of  their  Vapour,  from  the  Temperature  of  the 
Latter,  as  Observed  by  a  Thermometer.    By  Groning. 


smperature 
of  the 
VajKMr 

Ethyl 
Alcohol  in 
the  DirtUlftW. 
Percent. 

Ethyl 
Alcohol  in 
the  Boiling 
Liquid. 
Percent. 

1  Temperature  I 

of  the 
!  Vapour 

(ft  j 

1 

Ethyl 
Alcohol  In 
the  Distillate. 
Per  cent. 

Ethyl 
Alcohol  in 
the  Boiling 

liquid. 

Per  cent. 

170-0 

93 

92 

189*8  . 

71 

20 

171*8 

92 

90 

1      192-0  | 

68 

18 

172-0 

91 

85 

1      194*0  1 

66 

15 

172-8 

904 

80 

196-4 

61 

12 

174-0 

90 

75 

1  198*6 

55 

10 

174-6 

89 

70 

|  201-0 

50 

7 

176*0 

87 

65 

203-0 

42 

5 

178-3 

85 

50 

205-4 

36 

3 

180-8 

82 

40 

;  2077 

28 

2 

183*0 

80 

35 

1  210-0 

13 

1 

185-0 

78 

30 

212*0 

0 

0 

187*4 

76 

25 

The  boiling-point  is  also  a  useful  guide ;  for  within  certain  limits  the 
boiling-point  of  liquids  containing  alcohol  is  not  materially  altered  by 
admixture  with  saline  and  organic  matter.  A  thermometer  with  a  movable 
scale  is  employed.  Before  using  it,  the  thermometer  is  immersed  in  boiling 
distilled  water,  and  the  100°  [212°  Fahr.]  of  the  scale  accurately  adjusted 
to  the  level  of  the  mercury  ;  it  is  then  ready  for  an  operation  of  several 
hours,  or  even  an  entire  day,  if  no  considerable  variations  of  atmosphorio 

fressure  are    experienced.     The   minimum   boiling-point   78° -174  C 
1 72°*7  R]  of  an  aqueous  ethyl  alcohol  corresponds  to  96  per  cent,  by 
weight  of  alcohol,  absolute  alcohol  being  78°-3  C.  [172°-9  F.j. 

TABLE  XLII.— Exhibiting  the  Boiling-Points  of  Alcohol  and 
Water  of  the  Given  Strengths.    By  Gr5nino. 


Boiling-point 
(F.). 

Alcohol 
per  cent. 

Boiling-point 

Alcohol 
per  cent. 

per  Volume. 

per  Volume. 

205-34 

5 

179  96 

65 

199*22 

10 

179*42 

60 

195-80 

15 

17870 

65 

192-38 

20 

177-62 

70 

189<-50 

25 

176-64 

76 

187*16 

30 

175-46 

80 

185-00 

35 

174-92 

85 

183-38 

40 

174-20 

90 

182-12 

45 

173-14 

95 

181*58 

50 

172-90 

100 
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The  methods  used  in  the  Municipal  Laboratory,  Paris,  for  the  analysis 
of  alcohols  are  the  most  practical  and  the  easiest  to  apply  to  the  small 
quantities  of  alcohols  submitted  to  an  analyst  under  the  Sale  of  Food 
and  Drugs  Act,  and  have  been  made  considerable  use  of  in  the  following 
pages. 

The  estimations  of  the  higher  alcohols,  of  aldehydes,  of  furfurol,  and 
so  forth,  are  to  a  great  extent  determined  by  colour  reactions,  the  alcohol 
to  be  tested  being  always  brought  to  the  definite  strength  of  50°  ; 
by  this  device  variations  in  colour,  owing  to  varying  strengths  of  alcohol, 
are  avoided. 

The  French  chemists  estimate  the  following: — (1.)  Alcohol;  (2.) 
acidity,  expressing  it  as  acetic  acid ;  (3.)  aldehydes  ;  (4.)  ethers,  returning 
the  ethers  as  ethyl  acetate;  (5.)  higher  alcohols,  returning  them  as 
isobutylic  alcohol ;  and  (6.)  bases. 

The  scope  and  character  of  such  an  analysis  may  be  gathered  from  the 
following  example  of  the  analysis  of  a  sample  of  brandy : — 


Brakdy  made  from  Wine. 

St>.  cr.  at  16°  C,   0  9414 

Alcohol,  per  cent,  (volume),   .  .48*2 

Extract,  per  litre  12*64  grms. 

Sugars  i  Saccharose,  per  litre,  .  .  .8*2 
ougare  j  Inverted  sugar,  per  litre,  .  .37 
Colour  Tannin  and  caramel. 


Acidity,  as  acetic  acid, 
Aldehydes,  as  acetic  aldehyde,  . 

Furfurol,  

Ethers,  expressed  as  ethyl  acetate, 
Higher  alcohols,  expressed  as  iso- 
butylic alcohol, 


Bases  j  Ammonia,  amides, 

\  Alkaloids,  pyridine  bases,  etc. 


Coefficient  of  impurities,  per  cent  of  j 
absolute  alcohol  ( 


Grammes. 


I 


Per  Litre 

of 
Brandy. 


Per  cent,  of 
Absolute 
Alcohol. 


Proportion 

of  each 
Impurity, 
per  cent,  of 

Total 
Impurity. 


0*3360 

0  0697 

82-23 

0-0620 

0-0130 

6*01 

0-0027 

0*0005 

0  26 

0-2024 

0-0419 

19-38 

0*3990 

0*0828 

38-29 

0-0360 

0-0072 

3*33 

0*0056 

o-ooii 

0-60 

0*2162 


100-00 


§  271.  In  the  examination  of  alcoholic  liquors,  one  of  the  analyst's 
first  steps  is  to  determine  the  percentage  of  alcohol,  and  the  methods  by 
which  this  is  done  are  equally  applicable  (with  slight  modifications)  to  all 
liquids  containing  alcohol    The  percentage  is  ascertained — 

(1.)  By  distillation,  and  taking  the  specific  gravity  of  the  distillate. 
(2.)  By  Tabarie's  method,  applied  especially  to  wines  and  beers. 
(3.)  By  Geissler's  vaporimeter. 
(4.)  By  determination  of  the  refractive  index. 

(5.)  By  oxidation  into  acetic  acid,  and  by  several  other  methods,  which 
are,  however,  not  much  in  use  by  the  analyst. 
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(1.)  Distillation. — A  convenient  quantity  (e.g.,  100  c.c.  of  beer  or 
wine,  50  c.c.  of  spirits,  measured  at  15° '5  C.)  is  placed  in  a  flask  (a,  fig.  62), 
having  an  angle  tube  connected  by  means  of  a  cork  to  a  Liebig's  condenser. 
The  distillate  is  received  in  a  flask  (b)  provided  with  a  doubly  perforated 
cork,  into  which  the  bent  tube  of  the  condenser,  as  well  as  a  tube 
provided  with  a  mercury  valve,  to  prevent  loss,  is  adjusted;  the  latter 
may  be  readily  made  by  putting  a  very  small  quantity  of  mercury  into 
the  bend  of  an  ordinary  thistle-head  funnel  (c).  This  precaution  is  only 
necessary  when  very  small  quantities  are  operated  upon.  Experiments 
with  50  c.c.  of  spirit  distilled  into  a  flask  unprovided  with  a  valve,  have 
shown  that  there  is  no  appreciable  loss;  but  distillation  into  an  open 
vessel  will  always  give  results  far  too  low.  Beer  and  wine  yield  the  whole 
of  their  alcohol  when  half  is  drawn  over ;  spirits  should  be  distilled  nearly 
to  dryness.  In  any  case,  the  distillate  should  be  made  up  to  exactly  the 
same  bulk  as  the  original  liquid  at  the  same  temperature,  its  specific 
gravity  taken  in  a  proper  specific  gravity  bottle,  and  the  percentage  of 


alcohol  obtained  by  reference  to  the  tables  given  at  p.  380  et  seg.  Spirits 
are  best  returned  as  containing  so  much  proof  spirit,  by  volume  ;  wines  and 
beers,  so  much  alcohol  per  cent.,  by  weight  and  by  volume. 

(2.)  Tabarie's  method,  when  properly  performed,  is  sufficiently  accurate 
for  all  practical  purposes  in  the  case  of  beers,  wines,  and  similar  liquids. 
The  specific  gravity  is  first  accurately  taken  at  15°*5  ;  a  measured  quantity 
— say  100  c.c. — is  then  boiled  long  enough  to  evaporate  away  the  whole  of 
the  alcohol,  made  up  to  the  original  bulk  at  the  same  temperature,  and  its 
specific  gravity  again  determined.  From  these  data  the  specific  gravity  of 
the  liquid,  which,  if  it  had  been  condensed,  would  have  collected  in  the 
flask  before-mentioned,  is  determined.  Thus,  specific  gravity  of  the  liquid 
before  boiling,  divided  by  the  specific  gravity  of  the  de-alcoholised  liquid  = 
specific  gravity  of  the  dilute  alcohol  which  has  been  boiled  away.  An 
actual  example  will  suffice : — A  beer,  before  boiling,  had  a  specific  gravity 
of  1*014;  after  boiling,  and  on  making  it  up  to  the  original  bulk,  its 
specific  gravity  was  1*0172;  now  tVtVst  == '9968,  and  on  reference  to  the 
table  at  p.  380,  '9968  is  found  to  correspond  to  T7  per  cent,  of  alcohol. 

(3.)  Geissler's  Vaporimeter  is  capable  of  giving  sufficiently  accurate 
results  for  technical  purposes,  and  as  it  has  the  advantage  of  great  expedi- 


Fig.  62. 
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tion,  it  may  always  be  used  to  supplement  and  check  other  methods  which 
take  more  time.  It  depends  on  the  measurement  of  the  tension  or  elastic 
force  of  the  vapour  of  the  liquid,  as  indicated  by  the  height  to  which  it 
raises  a  column  of  mercury.  The  apparatus  (see  fig.  63)  consists  of  four 
parts — viz.,  (1.)  A  brass  vessel  A,  containing  water ; 
(2.)  a  doubly  bent  tube,  BB,  fastened  to  a  scale ; 
(3.)  a  cylindrical  vessel  C,  which  is  filled  with 
mercury  and  the  fluid  to  be  tested ;  (4.)  a  brass 
vessel  D,  in  the  upper  part  of  which  there  is  a 
thermometer.  By  removing  the  bent  tube  and  its 
connections  from  A,  it  may  be  turned  upside  down, 
and  C  detached ;  the  alcoholic  fluid  is  then  poured 
in  so  as  to  fill  the  space  between  c  and  d,  which, 
when  the  instrument  is  inverted,  is  empty.  It  is 
now  connected  with  the  bent  tube,  and  adjusted 
exactly  as  in  the  figure,  the  water  made  to  boil  in  A, 
when  the  mercury  runs  up  to  a  certain  height  in 
the  tube,  and  the  percentage  is  directly  read  from 
the  scale.  Should  the  thermometer  not  register 
100°,  certain  corrections  must  be  made,  which  is 
most  conveniently  done  by  a  table,  sold  with  the 
instrument.  Care  must  always  be  taken  to  exclude 
air  from  the  bulb.  The  senior  author  has  found 
it  always  necessary  to  test  various  points  of  the 
scale  with  known  mixtures  of  alcohol  and  water, 
and  to  draw  up  a  table  of  corrections.  With 
this  precaution,  it  will  be  found  a  most  useful 
instrument. 

(4.)  Estimation  of  Alcohol  by  Valuation  of  the  Refractive  Index. — This  is 
an  excellent  and  rapid  method  of  valuation  of  ethyl  alcohol,  and  can  be 
applied  to  a  distillate  or  to  spirit  or  to  wine. 

The  method  of  applying  the  refraction  method  to  spirit  or  wine  is  based 
on  the  following  principles : — 

The  refractive  index  of  a  liquid  containing  water,  alcohol,  and  extract 
is  derived  from  the  indices  of  refraction  of  the  water,  alcohol,  and  extract. 
Let  these  be  denoted  respectively  by  a,  b,  c.  Taking  N  as  the  index  of 
refraction  of  the  mixture,  then  obviously  N  =  a  +  fe  +  c. 

If  the  liquid  is  freed  from  alcohol  by  distillation  or  evaporation,  then 
the  refractive  index  N  -  (a  +  c)  =  ft,  the  index  of  refraction  of  the  alcohol. 

If,  again,  the  index  of  refraction  of  distilled  water  be  subtracted  from  the 
index  found  by  experiment  of  the  alcohol-free  dilute  extract  and  the  amount 
of  increase  of  refraction  has  been  ascertained  that  1  grm.  per  cent,  of 
extract  produces,  the  extract  can  also  be  estimated.  In  other  words,  by  two 
observations  on,  first,  the  index  of  refraction  of  an  alcoholic  liquid,  and, 
secondly,  a  determination  of  the  same  liquid  freed  from  water,  it  is  practical 
and  easy  to  determine  alcohol,  water,  extract. 

E.  Riegler 1  by  a  number  of  experiments  has  proved  that  with  regard 
to  wine  1  grm.  of  extract  in  100  c.c.  of  wine  increases  the  refractive  index 
by  0-00145. 

Similarly  1  grm.  of  alcohol  per  100  c.c.  of  wine  increases  the  index 
above  that  of  the  extract  solution  by  0*00068. 

1  "Die  Bestimmung  des  Alcohols  u.  Extractes  im  Weine  auf  optischen  Wege,"  by 
ProC  Dr.  E.  Riegler,  ZeiUchrifl  /.  analytische  Chemie,  1896,  27. 


Fig.  63. 
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For  example — 

The  refraction  index  of  a  wine  was  found  to  be  1*34105 
„  alcohol-free  extract,      .       .  1*33550 

Difference  =  -00555 

-00555 

then    00068  =  8-1617  alcohol  per  cent. 

Similarly 

the  index  of  refraction  of  the  alcohol-free  extract  was  1  -33550 
Subtract  index  for  distilled  water,  .  1*33263 

Difference  =  -00287 

•00287 

then  -00145  =  1*9793  grms.  extract  per  cent. 

The  amount  of  extract  and  alcohol  in  wines  determined  by  the  ordinary 
processes  do  not  differ  materially  from  those  determined  by  the  optical 
methods. 

The  details  of  the  operation  itself  are  simple.  25  c.c.  of  an  alcoholic 
liquid  are  placed  in  a  Pulfrich's  refractometer  or  in  a  hollow  prism  and 
observed  through  a  spectrometer,  the  temperature  taken  and  the  index 
calculated  in  the  usual  way ;  next  the  alcohol  is  evaporated  away  by  reduc- 
ing the  liquid  to  a  third  of  its  volume  and  again  made  up  to  exactly  the 
same  bulk  and  brought  to  the  same  temperature  as  the  original  liquid  and 
the  index  of  refraction  again  determined  in  the  above  calculation. 

(5.)  Oxidation  into  Acetic  Acid  is  a  method  of  determining  vinic 
alcohol,  specially  applicable  to  small  quantities.  Dr.  Dupre*  recom- 
mends the  following  process1: — A  small  quantity  of  the  distillate,  repre- 
senting about  a  gramme  of  alcohol,  is  put  in  a  small  strong  assay-flask,  and 
mixed  with  10  c.c.  of  an  oxidising  solution,  composed  of  147  grms.  of 
bichromate  of  potash  and  220  grms.  of  sulphuric  acid,  made  up  to  1400 
c.c.  by  water.  The  flask  is  well  stoppered  by  caoutchouc,  and  firmly  tied 
down  by  canvas  and  string.  It  is  then  suspended  upright  in  a  water-bath 
(the  neck  being  above  the  water),  and  heated  for  two  hours  between  80° 
and  90°  C.  The  flask  is  next  removed,  and  the  excess  of  bichromate  reduced 
by  zinc  and  sulphuric  acid ;  the  solution  is  transferred  to  a  small  retort 
(adding  some  sulphuric  acid  and  bits  of  tobacco-pipe),  and  distilled  over 
from  a  spermaceti-bath  (see  fig.«62).  It  will  be  found  necessary  to  distil  at 
least  thrice  nearly  to  dryness,  each  time  adding  water  to  the  contents. 
The  united  distillates  contain  acetic  acid,  the  result  of  the  oxidation  of  the 
alcohol.  This  acetic  acid  may  be  determined  by  a  volumetric  solution  of 
soda,  and  the  amount  of  alcohol  to  which  it  is  equivalent  calculated  by  the 
following  short  table  : — 


Acetic  Acid. 

Alcohol. 

Acetic  Acid. 

Alcohol. 

1       .       .  = 

•7666 

C       .       .  = 

4-5996 

2       .       .  = 

1*5832 

7      .       .  = 

6*3662 

3       .       .  = 

2*2998 

4       .       .  = 

3  0664 

9      .       .  = 

6*8994 

5       .       .  = 

3*8330 

10      .      .  = 

7*6666 

1  It  has  been  shown  by  Wanklyn  that  alcohol  may  also  be  oxidised  into  acetic  acid 
very  readily  by  an  alkaline  solution  of  permanganate  of  potash  ;  it  would  appear  that  in 
this  case  there  is  no  previous  formation  of  aldehyde.  A.  Letteltiir  also  finds  that  an 
ammoniacal  solution  of  copper-oxide  at  180°  has  the  same  effect.  Compt.  Rend.,  lxxxix., 
1105. 
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There  are  several  other  methods  of  estimating  alcohol,  but  the  above 
are  the  most  practical  and  efficient ;  and  whenever  the  amount  of  alcohol 
is  important  (as,  for  example,  in  the  case  of  spirits)  the  analyst  should 
determine  it  in  at  least  two  different  ways.  The  specific-gravity  methods 
presuppose  the  presence  of  ethylic  alcohol  only ;  but  it  is  often  necessary 
to  test  fluids  also  for  methylic  and  amylic  alcohols.  For  these  the  follow- 
ing processes  are  available  : — 

§  272.  Methylic  Alcohol. — 100  c.c.  of  the  suspected  spirit  are  distilled 
twice,  having  been  rendered  alkaline  during  the  first  process  and  acid 
during  the  second,  about  two-thirds  being  distilled  over  each  time.  The 
distillate  is  now  skaken  up  with  dry  potassium  carbonate,  and,  after 
standing  over  night,  the  upper  layer  is  taken  off  by  a  syphon  or  pipette, 
and  again  twice  distilled,  about  15  c.c.  being  driven  over.  This  will 
contain  any  methylic  alcohol  present  in  the  original  100  c.c.  A  portion 
of  the  distillate  is  now  diluted  with  water  to  a  strength  from  10  to  15  per 
cent.,  and  in  this  diluted  spirit  the  alcohol  determined — (1.)  By  specific 
gravity;  (2.)  by  Geissler's  vaporimeter1 ;  and,  (3.)  by  oxidation  into  acetic 
acii  If  ethylic  alcohol  alone  is  present,  all  three  methods  fairly  agree. 
The  specific  gravity  will  give  the  total  amount  of  both  alcohols,  the  specifio 
gravity  of  aqueous  methylic  and  ethylic  alcohols  being  almost  identical ; 
but  since  methylic  alcohol  has  a  higher  vapour  tension  than  ethylic, 
Geissler's  vaporimeter  will  give  a  higher  result.  The  oxidation  process  will, 
on  the  other  hand,  give  a  lower  result,  for  methylic  alcohol  yields  water 
and  C02,  so  that  the  acetic  acid  found  is  derived  wholly  from  the  ethylic 
alcohol,  and  the  difference  between  the  strength  thus  found  and  that 
derived  from  the  specific  gravity  gives  a  rough  indication  of  the  proportion 
of  methylic  alcohol  present.  If  the  methylic  alcohol  is  in  sufficient  quantity, 
instead  of  the  usual  slight  vacuum  on  opening  the  flask,  there  is  an  escape 
of  carbonic  anhydride,  and  there  is  no  reason  why  this  gas  should  not 
be  either  absorbed  or  collected  and  estimated. 

Dr.  Dupre*  gives  the  following  example.    A  pure  whisky  showed — 

Strength  by  specific  gravity,     .       .       .       9*83  percent. 

Vaporimeter  .      .      .      .      9*75  „ 
„        Oxidation,    .       .      .       .       975  ,, 

The  same  whisky,  adulterated  with  10  per  cent,  of  ordinary  methylated 
spirit,  and  tested,  gave — 

Strength  by  specific  gravity,    .       .      .       10*08  per  cent. 
,,        Vaporimeter,       .       .       .       10 '45  „ 
Oxidation,  ....  9'502 

The  remainder  of  the  distillate  may  be  used  in  producing  methyl-aniline 
violet  or  oxalate  of  methyl. 

The  general  process  for  the  production  of  methyl-aniline  violet  is  as 
follows  : — 10  c.c.  of  alcohol,  with  15  grms.  of  iodine  and  2  grms.  of  red 
phosphorus,  are  put  into  a  small  flask,  and  distilled  into  30  or  40  c.c.  of 
water.  The  alcoholic  iodide  which  settles  to  the  bottom  is  separated  by  a 
pipette,  and  collected  in  a  flask  containing  5  c.c.  of  aniline.    If  the  action  be 

1  Hehner  has  raised  a  doubt  as  to  the  usefulness  of  the  vaporimeter  for  the  quantitative 
estimation  of  methylic  alcohol ;  in  the  oxidation  process  he  prefers  to  estimate  the  quantity 
of  chromate  reduced  rather  than  the  acetic  acid.—  Analyst,  Feb.  7,  1887. 

2  Note  on  the  Examination  of  Whisky  and  other  Spirits  for  Methylated  Spirit  and  Fousel 
Oil,  by  Dr.  Dupre\  —Analyst,  i.,  1876,  p.  4. 
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too  violent,  the  flask  can  be  cooled  with  cold  water ;  if  too  slow,  a  little 
heating  may  be  necessary.  At  the  end  of  an  hour  the  crystals  are  dissolved 
in  hot  water  and  boiled,  an  alkaline  solution  is  afterwards  added,  and  the 
bases  rise  to  the  top  in  the  form  of  an  oily  stratum,  which  may  be  separated 
by  bringing  the  oil,  by  the  addition  of  water,  on  a  level  with  the  neck  of 
the  flask.  The  oxidation  of  the  bases  may  be  effected  in  various  ways,  but 
best  by  pouring  a  cubic  centimetre  of  the  oily  liquid  on  10  grms.  of  a 
mixture  formed  of  100  grms.  of  quartz  sand,  2  of  chloride  of  sodium,  and 
3  of  nitrate  of  copper.  After  incorporation  it  is  introduced  into  a  glass 
tube,  and  kept  at  90°  C.  in  a  water-bath  for  eight  or  ten  hours;  it  is 
ultimately  exhausted  by  warm  alcohol,  thrown  on  a  filter,  and  made  up  to 
100  c.c.  If  the  alcohol  was  pure  the  tint  is  red ;  if  it  contained  1  per  cent, 
of  methyl  alcohol  the  colour,  by  the  side  of  the  preceding,  is  manifestly 
violet;  with  2*5  per  cent,  the  shade  is  a  very  distinct  violet;  and  with  5 
per  cent,  it  is  considerably  darker.  The  process  may  be  made  quantitative 
by  having  volumetric  solutions  of  methyl  and  ordinary  alcohol.  Very 
minute  quantities  of  methyl  alcohol  may  be  detected  by  adding  5  c.c.  of 
the  liquid  to  95  c.c.  of  water,  and  then  again  diluting  5  c.c.  of  thiB  liquid 
with  400  c.c.  of  water,  and  heating  it  in  a  porcelain  capsule.  Fragments 
of  white  merino  (free  from  sulphur),  immersed  in  the  liquid  for  half  an 
hour,  will  remain  white,  if  the  alcohol  was  pure ;  if  methyl  was  present, 
they  will  be  of  a  violet  tint.1 

Oxalate  of  Methyl  may  be  obtained  by  mixing  the  distillate  with  half 
its  bulk  of  sulphuric  acid  and  double  the  quantity  of  hydropotassic  oxalate. 
The  whole  should  stand  in  the  retort  for  twenty-four  hours,  and  then  be 
distilled.  Crystals  appear  after  a  time  in  the  cooler  parts  of  the  flask  or 
retort ;  their  composition  is  (CH8)2C204.  It  would  also  be  quite  possible 
to  produce  such  compounds  as  the  salicylate  of  methyl,  etc.2 

Formic  Acid. — It  has  been  already  stated  that  methyl  alcohol,  when 
fully  oxidised,  is  resolved  into  C02  and  water.  This  takes  place  in  two 
stages ;  first,  formic  acid  is  produced,  and  then  this  formic  acid  breaks  up. 
Thus 

(1.)  Methyl  Alcohol,  Formic  Acid. 

CH40  +  0?  =  CH302  +  HaO 

(2.)  Formic  Acid, 

2CH2Oa  +  02  =  2C02  +  2H20 

It  hence  follows  that  if  a  spirit  be  distilled  in  the  manner  recommended 
by  Dr.  Dupre,  and  only  partially  oxidised,  it  is  possible  to  get  formic  acid, 
which  has  some  very  characteristic  properties.  To  obtain  this  result  a 
small  portion  of  the  distillate,  2  to  4  c.c,  is  taken,  and  3  grms.  of  potassic 
bichromate  are  added,  with  an  equal  quantity  of  pure  sulphuric  acid,  and 
four  or  five  times  as  much  water.  This  is  allowed  to  act  for  twenty  minutes, 
and  then  distilled ;  the  liquid  is  alkalised  with  sodium  carbonate,  evaporated 
to  half  its  bulk,  acidulated  with  acetic  acid,  transferred  to  a  test-tube,  and 
then  heated  gently  with  a  5  per  cent,  solution  of  nitrate  of  silver.  If 

1  A.  Riche  and  Brady,  Comptea  Bcndus,  vol.  xxx.,  p.  1096. 

2  For  the  detection  of  methyl  alcohol  in  ethyl  alcohol,  Van  de  Vivere  {Chem.  Centrbl., 
1884,  69)  employs  the  property  possessed  by  methyl  alcohol  of  forming  a  compound  with 
calcium  chloride,  which  is  not  decomposed  at  100°  C. ,  but  is  decomposed  by  the  addition  of 
water  ;  the  alcohol  is  distilled  from  anhydrous  potassic  carbonate,  and  the  volume  of  the 
distillate  determined.  A  portion  is  then  allowed  to  remain  over  an  equal  weight  of 
anhydrous  calcium  chloride  for  24  hours.  The  ethyl  alcohol  is  then  distilled  off.  The 
residue  when  treated  with  water  and  distilled  yields  a  mixture  of  methyl  alcohol  and 
water. 
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formic  acid  has  been  produced,  there  is  a  distinct  precipitate  of  metallic 
silver. 

Trillat 1  identifies  methyl  alcohol  as  follows  : — A  quantity  of  a  distillate 
corresponding  to  10  c.c.  of  absolute  alcohol  is  diluted  to  150  c.c.  and  mixed 
with  70  c.c.  of  diluted  H.2S04  (1:5)  and  15  grms.  of  potassic  bichromate ; 
this  is  shaken  for  twenty  minutes,  distilled,  the  first  25  c,c.  of  the  distillate 
being  rejected,  then  100  c.c.  of  the  distillate  collected.  50  c.c.  of  this  are 
mixed  with  1  c.c.  of  dimethyl  aniline  in  a  flask  with  ground  stopper,  and 
this  is  placed  in  a  water-bath  at  70-80°  C.  for  three  hours.  The  liquid  is 
now  alkalised  with  NaOH  and  25  c.c.  distilled  over ;  the  distillate  contains 
all  the  free  dimethyl  aniline.  The  residue  in  the  flask  is  acidified  with 
acetic  acid  and  a  few  c.c.  tested  in  a  test-tube  for  methyl  alcohol  by  adding 
a  few  drops  of  water  with  lead  dioxide  in  suspension ;  if  present,  a  blue 
colour  is  produced.  The  test  can  be  made  quantitative  by  imitating  the 
colour  by  mixing  the  reagent  with  known  quantities  of  diluted  methyl 
alcohol* 

Lams'  Method  of  Estimating  Methyl  Alcolwl  in  Ethylic  Alcolwl. — The 
alcohols  are  converted  into  iodides  by  treating  25  c.c.  of  the  alcohol  with 
5  grms.  of  amorphous  phosphorus  and  40  grms.  of  iodine;  when  the 
reaction  is  over  the  liquid  is  distilled ;  the  distillate  is  first  washed  with 
weak  NaOH  solution,  then  with  water,  and  finally  dried  by  calcic  chloride 
(the  specific  gravity  of  Mel  =  1*944,  that  of  EtI  =  2*2677).  The  specific 
gravity  is  now  taken,  and  the  amount  of  methyl  deduced  by  the  aid  of  tables 
given  in  the  original  paper  (Zeit.  angew.  Chem.y  1898,  125-130). 

Acidity  of  Alcohols. — A  definite  quantity  of  alcohol  is  coloured  by 
phenol-phthalein,  and  decinormal  soda  dropped  in  until  the  liquid  is 
neutral ;  the  result  may  be  expressed  as  acetic  acid. 

Aldehydes. — Aldehydes  are  detected  by  a  solution  of  fuchsine  made  as 
follows: — Bisulphite  of  soda  solution  (sp.  gr.  1*3082),  100  c.c. ;  aqueous 
solution  of  fuchsine  (1  per  1000),  150  c.c;  pure  sulphuric  acid  (66  percent.), 
15  c.c. ;  the  whole  made  up  to  a  litre  with  distilled  water.  4  c.c.  of  this  test 
solution  are  added  to  10  c.c.  of  a  distillate;  should  aldehyde  be  present,  a 
red  colour  is  almost  immediately  produced,  attaining  its  maximum  in  twenty 
minutes.  To  estimate  the  quantity,  a  distillate  is  taken  and  diluted  until 
it  contains  50  per  cent,  of  alcohol,  or  the  distillate  may  be  fortified  with 
pure  alcohol  until  it  is  of  the  strength  mentioned.  The  colour  is  now 
produced  by  the  test,  and  the  colour  imitated  by  adding  the  same  test  to 
alcohol  of  50  per  cent,  containing  0*050  grm.  per  litre  of  acetic  anhydride. 

Furfurol. — Furfurol  may  be  detected  by  a  number  of  reactions;  one 
of  the  most  sensitive  is  the  red  colour  produced  by  the  addition  of  an 
alcoholic  solution  of  a-naphthol  and  a  very  little  strong  sulphuric  acid.  The 
French  chemists  estimate  furfurol  by  the  tint  produced  by  acetate  of  aniline 
in  a  furfurol-holding  liquid,  as  compared  with  the  tint  produced  by  adding 
to  pure  alcohol  of  50  per  cent,  a  solution  of  furfurol  in  alcohol  of  the  same 
strength,  each  litre  of  which  contains  5  mgrms.  of  furfurol.  It  may  also  be 
estimated  by  quantitative  spectroscopy.  In  both  of  these  methods,  since 
the  crimson  colour  caused  by  aniline  acetate  darkens  by  time,  the 
observations  must  be  made  always  exactly  the  same  time  after  the  addition 
of  the  reagent. 

Acetone. — Acetone  may  be  found  in  spirits.    Its  boiling-point  is  56°*5  C, 
so  that  it  will  be  found,  if  present,  in  the  first  fraction  of  a  distillation.  It 
gives  the  usual  reactions  of  ketones.    Special  tests  are  a  red  colour  with 
1  Ann.  de  Chim.  Anal.,  1899,  ix.  42-44. 
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nitro-pru88ide  of  sodium  plus  ammonia ;  or  the  production  of  indigo  blue 
by  the  addition  of  ortho-nitro-benzaldehyde  and  soda  lye  until  alkaline. 

Acetone  may  also  be  detected  by  the  Reynolds-Gunning  reaction.  To 
an  alcoholic  solution  of  mercuric  chloride,  alcoholic  potash  is  added  to 
alkaline  reaction  and  mixed  with  the  solution  supposed  to  contain  acetone, 
shaken,  and  filtered ;  if  acetone  be  present,  the  filtrate  will  contain  mercury, 
as  shown  by  a  black  precipitate  with  ammonium  sulphide.  Acetone 1  can 
be  titrated  by  means  of  potassium  iodide  and  sodic  hypochlorite.  The 
process  depends  on  the  transformation  of  acetone  into  iodoform,  and  the 
fact  that  until  all  the  acetone  is  converted,  no  free  iodine  is  liberated.  The 
hypochlorite  solution  is  thus  standardised  : — A  solution  of  acetone  in  water 
of  0  4  per  cent,  is  prepared;  to  100  c.c.  of  this,  10  grms.  of  potassium 
iodide  and  20  c.c.  of  pure  soda  lye  of  28°  Beaume  are  added ;  when  the 
iodide  is  dissolved,  the  hypochlorite  solution  is  added  drop  by  drop  from  a 
burette,  until  a  drop  of  starch  solution  to  which  sodium  bicarbonate  has 
been  added  strikes  a  blue  colour.  Solutions  or  distillates  of  acetone  are 
dealt  with  similarly. 

Ethers. — Ethers  are  detected  and  estimated  as  follows  : — A  known 
volume  of  alcohol  is  distilled;  the  distillate  is  exactly  neutralised  by 
decinormal  soda  or  potash ;  then  to  every  100  c.c.  of  the  distillate,  20  to 
30  c.c.  of  decinormal  alkali  are  added,  and  the  flask  with  its  contents  con- 
nected with  an  inverted  condenser  and  submitted  to  the  heat  of  the  water 
bath  for  half  an  hour ;  at  the  end  of  that  time  the  liquid  is  cooled,  and 
the  amount  of  alkali  remaining  unsaturated  estimated  by  titration  with 
decinormal  acid.  The  diminution  in  acidity  is  due  to  the  saponification  of 
the  ethers,  the  acid  uniting  with  the  alkali,  and  the  alcohol  being  re- 
generated. It  may  be  expressed  as  acetic  ether ;  every  cubic  centimetre 
of  decinormal  alkali  equals  0*0088  acetic  ether. 

§  273.  The  Higher  Alcohols.2 — Fonsel  Oil  is  the  name  given  by  most 
chemists  to  amylic  alcohol ;  it  may,  however,  be  conveniently  applied  to  the 
mixture  of  the  higher  homologues  of  ethylic  alcohol.  Dr.  Dupre* 8  detects 
f ousel  oil  by  oxidising  one  or  two  grms.  of  alcohol,  previously  distilled  (if 
necessary)  in  the  manner  already  described.  When  cool  the  flask  is 
opened,  the  excess  of  bichromate  reduced  by  zinc,  and  the  acids  are  dis- 
tilled off,  neutralised  by  soda,  concentrated  to  a  small  bulk,  the  soda  salt 
decomposed  by  sulphuric  acid,  the  acids  distilled  off,  and  ultimately  con- 
verted by  barium  carbonate  into  the  barium  salt.    The  barium  salt  of  the 

1  Robineau  and  G.  Rollin,  Moniteur  scientifiquc,  vii.,  272. 

2  The  higher  alcohols  found  in  spirits  are  usually  mixtures  of  amylic,  butylic,  and 
propylic  alcohols.    M.  E.  Claudon  and  Ch.  Morin  have  obtained  the  following  results : — 


Sugar 
Fermented 
by  Elliptic 

Yeast. 

Cognac. 
Faulty 

Fermen- 
tation. 

Surgeres 
Brand. 

Normal  propylic  alcohol, 
Isobutylic  alcohol, 
Normal  butylic  alcohol, 
Amylic  alcohol, 

37 
2'7 

o-o 

93*6 

U'8 
4*5 
%9-3 
34'4 

12-1 
2-9 

o-o 

85  0 

100-0 

100-0 

100-0 

3  Op.  ext. 
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acid  produced  by  the  oxidation  of  fousel  oil  (barium  valerianate,  Ba(C5H9 
02)2)  contains  40-41  per  cent,  of  barium.  The  barium  salt  of  the  acid 
derived  from  the  oxidation  of  pure  alcohol  (barium  acetate,  Ba(C2H302)2) 
contains  53*72  per  cent,  of  barium.  If  the  alcohol  is  free  from  fousel  oil, 
the  barium  found  will  closely  approximate  to  the  percentage  mentioned  ;  but 
if  the  higher  alcohols  are  present,  the  percentage  will  be  lower,  and  a  fair 
approximation  to  the  amount  of  fousel  oil  will  be  arrived  at  by  estimating 
the  salt  as  a  mixture  of  baric  acetate  and  valerianate,  and  calculating  out 
the  percentages  on  the  usual  principles. 

L.  Marquardt  (Ber.,  xv.,  1370-1373)  utilises  the  fact  that  amyl  alcohol 
is  dissolved  out  of  dilute  alcohols  by  means  of  chloroform.  The  chloroform 
solution  is  washed  and  oxidised,  and  the  barium  salt  obtained  in  a  similar 
manner  to  Dupre's  process. 

Rose's  process  is  similar,  save  that  the  amount  of  amyl  alcohol  is 
estimated  by  the  increase  in  bulk  of  the  chloroform.  This  has  been  much 
improved  by  the  Swiss  chemists.  As  carried  out  in  the 
laboratory  at  Berne,  the  method  is  as  follows: — First,  the 
alcohol  is  brought  to  30  per  cent,  at  15°  C.  An  error  per  cent. 
plus  or  minus  in  the  strength  causes  a  difference,  according  to 
M.  Sell,  of  '0199  per  cent,  in  the  volume  of  fousel  oil. 

A  special  apparatus  is  absolutely  necessary  for  the  process. 
This  is  simply  a  cylindrical  vessel  (see  fig.  64)  surmounted  by 
a  globular  reservoir.  The  lower  bulb  is  of  a  capacity  of  19*5 
c.o.  ;  the  tube  is  18*5  c.c.  long,  with  graduations  from  19  c.c. 
to  22  5  c.c,  divided  into  ^  c.c,  and  the  divisions  are  1*3  mm. 
apart,  which  permits  the  appreciation  of  T^  c.c. ;  the  reservoir 
is  of  from  200  to  250  c.c.  capacity,  and  altogether  the  whole 
apparatus  measures  39  cm. 

20  c.c  of  chloroform  are  placed  in  the  apparatus,  all  the 
measurements  being  made  at  15°  C. ;  the  meniscus  of  the 
chloroform  ought,  if  20  c.c,  be  used,  to  reach  at  this  tempera- 
ture the  lower  division  of  the  scale ;  100  c.c.  of  alcohol  are 
then  added,  and  1  c.c.  of  sulphuric  acid  (sp.  gr.  1"2857).  The 
mixture  is  shaken  in  the  perfectly  corked  apparatus  a  definite 
number  of  times ;  according  to  M.  Sell  it  is  necessary  to  shake 
150  times.  In  the  Berne  laboratory  this  is  done  by  machinery, 
Fio.  64.  so  that  each  sample  is  submitted  rigorously  to  the  same 
amount  of  shaking.  The  volume  of  chloroform  is  read  after 
the  apparatus  has  been  allowed  to  rest  for  some  time.  Pure  alcohol  of 
the  same  strength  is  submitted  to  the  same  process,  and  the  difference 
between  the  two  is  reckoned  as  fousel  oil  or  amylic  alcohol ;  an  augmenta- 
tion of  volume  of  0*01  is  equal  to  a  proportion  of  0*006631  per  cent,  of 
amylic  alcohol. 

Savalle's  Method  of  Ascertaining  and  Estimating  tlie  Impurities  in 
Alcohol, — This  process  depends  on  the  varying  tints  alcohols  take  when 
treated  with  pure  sulphuric  acid.  10  c.c.  of  alcohol  are  put  in  a  flask  with 
10  c.c.  of  pure  sulphuric  acid;  the  mixture  is  heated  just  to  ebullition; 
when  the  liquid  commences  to  boil — in  fact,  immediately  the  first  bubble 
is  seen — the  process  is  stopped  and  the  mixture  transferred  to  a  glass  prism 
(the  faces  of  which  are  at  an  angle  of  2°*5),  and  allowed  to  cool ;  the  colour 
produced  is  compared  with  a  series  of  coloured  glass  slips  which  by  super- 
position form  a  chromatic  scale  from  1°  to  15°.  The  process  is  stated  to 
br        '        as  the  colour  produced  with  various  alcohols  is  different,  and 
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since  the  colour  is  also  dependent  on  the  alcoholic  strength,  it  has  only  a 
comparative  value.  To  meet  the  last  objection  to  the  process  it  is  recom- 
mended to  always  bring  the  alcohol  operated  upon  to  50  per  cent. 

With  a  uniform -strength  of  50  per  cent,  the  degrees  of  colour  expressed 
in  Savalle's  scale  for  1  c.c.  per  litre  of  the  following  alcohols  are  thus : — 


Alcohols. 

Aldehydes. 

Ethers. 

Caprylic,    .       .  .7 
IsoDutylic,  .  .6 
(Enanthylic,             .  4 
Amylic,     .  .2 
Propylic,    .  .0 
Isopropylic,             .  0 
Normal  butylic,  .  0 
Methylic,   .  .0 
Glycerin,   .      .  .0 

Furfural,      Intense  black. 
Isobutylic,             .  9 
Paraldehyde,           .  8 
Propionic,        .  9 
(Enanthylic,     .       .  5 
Valerianic,             .  5 
Ethylic,    .       .  .3*5 
Methylal,.              .  2*5 
Acetal,  .1*5 
Butylic,    .       .  .0 

Amyl  acetate,  .  .3*0 
Ethyl  acetate,  .       .  0 
Ethyl  propionate  and 
other  etners,       .  0 

The  method  used  by  Saglier  is  essentially  a  modification  of  Savalle's 
process.  Aldehydes  are  first  fixed  as  follows: — 50  c.c.  of  alcohol  of  50° 
and  1  grm.  of  metaphenylenediamine  hydrochloride  are  boiled  for  an  hour 
under  an  inverted  condenser.  The  result  is  that  a  non-volatile  combination 
of  2  molecules  of  metaphenylenediamine  to  1  of  aldehyde  is  produced. 
The  same  purpose  could  be  effected  by  aniline  phosphate.  The  mixture  is 
now  distilled  as  far  as  possible,  and  the  distillate  brought  up  to  the 
original  bulk  with  distilled  water. 

Comparison  liquids  are  made  as  follows : — For  comparing  with  liquids 
of  high  alcoholic  content,  a  solution  of  isobutylic  alcohol  in  50  per  cent, 
alcohol,  equal  to  0*5  grm.  per  litre.  For  alcohols  of  lower  content,  since 
the  reaction  succeeds  better  with  strong  alcohol,  the  comparison  solution 
alcohol  is  of  90  per  cent.,  containing  isobutylic  alcohol  in  the  proportion  of 
0*1  grm.  per  litre.  The  distillate  in  the  latter  case  is  also  brought  to 
90  per  cent,  strength. 

The  operation  itself  is  done  as  follows: — In  two  different  flasks  are 
placed  10  c.c.  of  the  sample  and  10  c.c.  of  the  comparison  liquid ;  to  each 
is  added  10  c.c.  of  monohydrated  sulphuric  acid;  the  flasks  are  shaken, 
then  the  two  liquids  are  heated  to  the  boiling-point,  allowed  to  cool,  the 
colours  compared,  and  the  quantity  estimated  on  colorimetric  principles. 
In  commercial  spirits  the  colour  differences  of  the  higher  alcohols  are  so 
small  that  it  is  necessary  to  exalt  the  reaction ;  this  is  effected  by  adding 
to  each  of  the  liquids  before  boiling  20  drops  of  furfural  solution  (1  : 1000). 
This  mixture  will  give  a  rose  colour  with  the  higher  alcohols.  If  the  colour 
produced  by  isobutyl  alcohol  equals  10,  then  the  following  numbers  denote 
the  intensity  of  the  colour  with  other  alcohols  : — Crude  amylic  alcohol,  6  ; 
pure  iso-amylic,  4*5 ;  normal  butylic,  1  ;  iso-propylic,  0*5  ;  propylic,  0. 

Banh/s  Method, — Bardy  first  tests  the  alcohol  in  order  to  see  whether  it 
is  rich  or  poor  in  fousel  oil.  This  is  done  by  shaking  up  5  c.c.  of  the 
sample  with  30  to  35  c.c.  of  brine  coloured  with  aniline  violet.  If  much 
fousel  oil  is  present,  oily  drops  strongly  coloured  with  the  aniline  blue  float 
on  the  surface;  if,  as  is  commonly  the  case,  only  small  quantities  are 
present,  there  is  no  oily  layer.  In  the  latter  case  the  process  is  as 
follows : — 100  c.c.  of  alcohol  are  introduced  into  a  flask  of  750  c.c.  capacity 
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and  450  c.c.  of  brine ;  should  any  of  the  salt  on  addition  of  the  alcohol 
precipitate,  50  c.c.  of  water  are  added.  Then  from  60  to  70  c.c.  of  carbon 
bisulphide  are  added,  and  the  mixture  shaken  in  a  separating  tube ;  after 
shaking  for  some  little  time,  the  carbon  bisulphide  is  run  off  and  a  fresh 
quantity  of  the  latter  taken,  and  this  is  done  three  times.  The  whole  of 
the  isobutylic  and  amylic  alcohols  will  be  in  the  carbon  bisulphide. 

The  next  process  is  to  recover  the  alcohols  from  the  bisulphide  and 
convert  them  into  ethers.  For  this  purpose  the  carbon  bisulphide  is  shaken 
up  with  2  to  3  c.c.  of  monohydrated  sulphuric  acid,  and  the  acid  separated, 
the  last  traces  being  recovered  by  shaking  and  separating  with  a  single  c.c. 
of  the  acid  three  times.  The  sulphuric  acid  is  freed  from  the  carbon  bi- 
sulphide by  a  current  of  air.  15  grms.  of  sodic  acetate  are  added,  and  the 
acetic  ethers  formed  by  heating  in  a  water  bath  under  an  inverted  con- 
denser. After  cooling,  brine  is  used  to  separate  the  ethers,  the  brine  with 
its  contained  ethers  being  conveyed  to  a  graduated  vessel,  and  the  volume 
of  the  ethers  floating  on  the  top  read ;  the  volume  multiplied  by  0*8  equals 
the  proportion  of  isobutylic  and  amylic  alcohols. 

Bardy's  method  for  considerable  quantities  of  the  higher  alcohols  is 
similar,  only  in  that  case  on  treating  the  alcohol  with  brine  the  higher 
alcohols  may  rise  in  the  form  of  an  oily  layer ;  in  such  case  the  volume  is 
carefully  read  and  the  alcohols  separated.  The  brine  is  then  treated  by 
bisulphide  of  carbon,  and  small  quantities  dissolved  in  the  brine  recovered, 
as  before  stated.  Propylic  alcohol  is  insoluble  in  OS*.  In  order  to 
estimate  it  Bardy  recommends  the  brine  to  be  freed  from  CS2  by  filtering  it 
through  wet  filter  paper,  then  to  distil  until  the  distillate  contains  alcohol 
of  50  per  cent.  The  alcohol  is  titrated  with  permanganate  as  follows : — 
1  c.c.  of  a  1  per  cent,  solution  of  permanganate  and  50  c.c.  of  water  are 
put  in  a  beaker,  and  the  alcohol  dropped  from  a  graduated  burette  until  a 
tint  is  obtained  equal  to  the  tint  of  a  liquid  made  as  follows  :  20  c.c.  of  a 
solution  of  fuchsine,  0*01  per  cent,  is  added  to  30  c.c.  of  neutral  chroma te 
of  potassium  of  0*05  per  cent.,  and  completed  up  to  100  c.c.  with  distilled 
water.  It  is  necessary  to  add  about  2*5  c.c.  of  alcohol  of  50  per  cent., 
containing  1  per  cent,  of  propylic  alcohol,  to  obtain  a  red  tint.  If  the 
number  of  cubic  centimetres  employed  is  equal  to  n,  the  amount  of  propylic 
alcohol,  x,  is  found  by  the  following  equation — 

2-5 


J.  Traube's  Process.  —J.  Traube 1  has  published  an  entirely  new  process 
for  the  determination  and  detection  of  fousel  oil,  based  upon  the  variations 
in  height  of  capillary  ascent  between  pure  alcohol  and  mixtures  of  amyl 
and  ethyl  alcohol.  A  capillarometer,  consisting  of  a  thin-sided  capillary 
tube,  about  *8  mm.  in  diameter,  is  used ;  this  is  fastened  to  a  very  fine 
scale  divided  into  half-millimetres.  The  scale  terminates  at  its  zero  in  two 
points,  which  are  set  exactly  at  the  surface  of  the  liquid  by  means  of  a 
stand,  movable  upon  screws.  The  liquid  to  be  examined  is  worked  up  in 
the  capillary  tube  two  or  three  times,  and  the  bottom  of  the  meniscus  is 
read  off  a  few  seconds  after  the  meniscus  has  come  to  rest 

The  senior  author  has  examined  in  this  way  a  number  of  solutions 
containing  *1  to  1  per  cent,  by  volume  both  of  crude  fousel  and  of  pure 

1  See  Journal  filr  prakL  Chemie,  new  ser.,  xxx.,  1-177,  178.  ZeUschrift  filr  Spiritus 
Industrie,  1886,  No.  36.    Chem.  News,  June  25,  1886. 
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isoamylic  alcohol  dissolved  in  an  alcohol,  the  specific  gravity  of  which  always 
corresponded  to  that  of  a  20  per  cent,  volume  of  alcohol. 

The  following  are  the  main  results  reduced  from  the  original  paper : — 


Percentage  of 

Pure 

Mean  of 

Percentage  of 

Pure 

Mean  of 

the  Fouael 

Iso-amylic 

Results  of 

the  Fousel 

Iso-amylic 

Results  of 

or  Amyl  Alcohol 

Alcohol. 

various  samples 
of  Fousel  Oil. 

or  Amyl  Alcohol 

Alcohol. 

various  samples 

in  a  20  per  cent. 

in  a  20  per  cent. 

of  Fousel  Oil. 

vol.  of  Alcohol 

Height  in  mm. 

Height  in  mm. 

vol.  of  Alcohol.  Height  in  mm. 

Height  in  mm. 

0 

50-0 

50-0 

0*6 

45-2 

45*9 

01 

48-6 

49-1 

07 

44-3 

45-1 

0-2 

47*5 

48*1 

0-8 

43*4 

44*5 

0-3 

46'9 

47-5 

0-9 

42'2 

43-7 

0*4 

46-3 

467 

1*0 

41-7 

43*3 

0*5 

45-9 

46-4 

Traube  dilutes  spirits  down  to  20  per  cent,  strength,  and  then  uses  the 
capillarometer ;  it  would,  however,  seem  most  accurate  rather  to  test  the 
distillate.  In  other  words,  distil  a  known  volume  of  the  spirit  almost  to 
dryness ;  take  the  gravity  of  the  distillate  in  the  usual  way ;  and  having 
thus  determined  the  amount  of  alcohol  present,  dilute  to  20  per  cent.,  and 
then  use  the  capillarometer ;  an  error  in  the  determination  of  the  specific 
gravity,  even  if  corresponding  to  \  per  cent,  of  alcohol,  makes  no  essential 
difference,  and  some  ethylic  alcohols  of  18  to  22  per  cent,  depress  the  rise 
equally  to  alcohols  of  20  per  cent. ;  an  inaccuracy  in  the  dilution  is  not 
likely  to  cause  much  error.  Since  the  rise  in  a  capillary  tube  depends  on 
its  diameter,  and  is  influenced  somewhat  by  temperature,  analysts  who  try 
this  method  should  standardise  their  own  capillarometer  by  means  of  known 
dilutions  of  ethylic  and  amylic  alcohols. 

Bases. — These  in  wines  and  spirits  consist  of  ammonia,  amides,  alkaloids, 
and  pyridine  bases.  The  French  school  apparently  use  what  is  essentially 
Wanklyn's  process ;  the  free  ammonia  they  return  as  ammonia  and  amides, 
the  albuminoid  ammonia  they  return  as  alkaloids  and  pyridine  bases ;  of 
course,  the  ammonia  from  the  last  does  not  represent  all  the  nitrogen  the 
alkaloids,  etc.,  contain,  and  it  would  have  been  better  in  the  table  on 
p.  386  to  have  expressed  them  as  ammonia  and  albuminoid  ammonia.  The 
process  used  is  shortly  as  follows : — 100  c.c.  of  the  alcoholic  liquid  are  dis- 
tilled nearly  to  dryness,  first  adding  2  c.c.  of  syrupy  ammonia-free  phos- 
phoric acid.  The  residue  is  now  transferred  to  a  retort  of  2  litres  capacity, 
containing  a  litre  of  water  alkalised  by  20  grms.  of  sodic  carbonate  and 
previously  distilled  until  no  ammonia  comes  over.  The  residue  being 
added,  the  distillation  is  recommenced  and  the  ammonia  estimated  in  the 
way  described  in  the  article  on  4  Water '  {post) ;  after  distillation  of  the  free 
ammonia,  alkaline  permanganate  is  added  and  the  albuminoid  ammonia 
obtained. 

Brandy. 

§  274.  Brandy  (Cognac),  is  a  spirit  derived  from  the  distillation  of 
wine ;  inferior  varieties  are  made  from  the  refuse  of  grapes,  with  admixture 
of  other  materials.1    The  constituents  of  brandy  are — alcohol,  water, 

1  The  brandy  made  in  England  is  for  the  most  part  artificial.  A  very  usual  process 
is  to  add  to  every  100  parts  of  proof  spirit  from  half-a-pound  to  a  pound  of  argol,  some 
bruised  French  plums,  and  a  quart  of  good  Cognac  ;  the  mixture  is  then  distilled,  and 
a  little  acetic  ether,  tannin,  and  burnt  sugar  added  afterwards. 

Artificial  Cognac  is  sometimes  made  by  oxidising  palm-oil  by  potassic  bichromate 
and  sulphuric  acid,  and  then  distilling  it  with  70  per  cent,  of  alcohol  and  concentrated 
sulphuric  acid.    CBnanthic  ether  is  among  the  products. 


398 


FOODS  :  THEIR  COMPOSITION  AND  ANALYSIS.     [§  274. 


acetic,  oenanthic  (ethyl  pelargonate),  butyric,  and  valerianic  ethers,  small 
quantities  of  grape  sugar,  minute  quantities  of  a  volatile  oil,  colouring- 
matter,  a  trace  of  tannin,  acetic  acid,  and  a  little  fixed  acid.  The 
specific  gravity  of  genuine  brandies  varies  from  '929  to  *934 ;  the  solids 
from  1  to  1*5;  ash,  '04  to  '2  ;  acidity,  *01  to  05  (reckoned  as  tartaric 
acid) ;  and  the  sugar  from  0  to  '4  per  cent.1 

The  adulterants  to  be  looked  for  are — methyl  and  amylic  alcohols  in 
excess,  tannin  in  excess,  sulphuric  acid,  lead,  copper,  zinc,  and  hot  principles, 
such  as  cayenne.  The  estimation  of  alcohols  and  the  examination  of  the 
distillate  have  been  already  described,  and  an  analysis  of  brandy,  according 
to  the  French  method,  is  tabulated  on  p.  386.  The  standard  fixed  by  statute 
for  brandy,  whisky,  or  rum  being  25°  under  proof,  some  analysts  state 
in  their  certificates  the  excess  of  water  added  over  that  amount.  This 
is  easily  obtained  by  the  use  of  the  following  formula : — Let  x  =  percentage 
of  water  by  volume  added  to  spirit  of  25°  U.P.  to  produce  a  sample  N° 
U.P.,  then 

s_4(N-25) 
20 

For  example,  a  brandy  of  30°  U.P.  =  —  or  6*6  per  cent,  water  added. 

o 

Fixed  free  acids  will  remain  in  the  residue,  and  (if  no  free  mineral  acid  is 
detected)  may  be  estimated  volumetrically,  and  returned  as  tartaric  acid 
(1  c.c.  of  d.  n.  soda  =  -0075  tartaric  acid). 

If  the  residue  taste  hot  and  pungent,  some  sophistication,  such  as 
capsicum,  must  be  present ;  an  attempt  should  be  made  to  separate  such 
hot  substances  in  a  comparative  state  of  purity  by  benzole,  ether,  etc. 

If  the  brandy  is  coloured  by  caramel  alone,  on  the  addition  of  a  persalt 
of  iron  there  will  be  no  deepening  of  tint;  if,  on  the  contrary,  the 
colouring  be  derived  from  the  cask,  and  the  brandy  contain  tannin,  it 
will  deepen  very  decidedly  in  colour. 

Since  it  appears  that  in  some  of  the  recipes  of  the  trade  tincture  of 
oak  bark  is  used,2  should  the  precipitate  by  a  persalt  of  iron  be  very 
evident,  the  amount  of  tannin  must  be  estimated.  The  direct  addition 
of  hydric  sulphide  to  acidified  spirits  produces  a  colour  sufficiently  dark 
to  be  noticed  should  lead  or  copper  be  present,  especially  if  an  equal 
bulk  of  the  unsulphuretted  spirit  be  compared  side  by  side.  If  zinc  be 
sought,  it  will  be  best  to  add  carbonate  of  soda,  evaporate  to  dryness, 
and  proceed  as  in  the  article  on  'Zinc*  in  the  work  on  ' Poisons,"'  by 
A.  Wynter  Blyth,  to  which  the  reader  is  also  referred  for  special  processes 
for  the  detection  of  lead  and  copper. 

1  Brandy  25  years  old  has  been  examined  by  C.  Ordonneau  (Compt.  Rend,,  cii., 
217-219) ;  he  separated  by  fractional  distillation  the  following  substances,  and  estimated 
them  in  grammes  per  hectolitre : — Aldehyde,  3 ;  ethyl  acetate,  35  ;  acetal,  traces  ; 
normal  propyl  alcohol,  40;  normal  butyl  alcohol,  218*6;  amyl  alcohol,  83*8;  hexyl 
alcohol,  0*6  ;  heptyl  alcohol,  1*5  ;  propionic,  butyric,  and  caproic  ethers,  3  ;  oenanthylic 
ether,  about  4  ;  amines,  traces.  Ordonneau  considers  the  peculiar  fragrant  odour  of 
brandy  (as  well  as  that  of  wines)  to  be  due  to  a  very  small  quantity  of  a  terpene  boiling 
at  178°.    The  oxidation  of  this  terpene  gives  to  old  brandy  its  characteristic  properties. 

2  Mr.  Griffin  found  a  large  quantity  of  tannin  in  a  sample  of  brandy.  He  explains 
the  circumstance  by  the  following  recipe  for  the  manufacture  of  Cognac:—  Take  of 
acetic  ether  three  quarters  of  a  pound,  French  wine  eight  quarts,  oak-bark  tincture 
(made  with  a  quarter  pound  of  oak  bark  and  half  a  quart  of  spirit)  half  a  quart, 
purified  spirits  so  much  as  to  bring  the  whole  to  150  quarts  of  54  per  cent,  by  Tralles. — 
"Chemical  Testing  of  Wines  and  Spirits."   By  John  J.  Griffin,  F.C.S.,  London,  1872. 
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§  275.  The  best  rum  is  distilled  from  fermented  molasses,  inferior 
kinds  from  the  debris  of  the  sugar-cane.  In  France  a  considerable  amount 
of  spirit  is  also  derived  from  the  molasses  of  the  beetroot-sugar  factories. 
The  specific  gravity  of  rum  varies  from  -874  to  '926  ;  it  is  usually  a  strong 
spirit,  genuine  rum  never  falling  below  28  per  cent,  of  alcohol,  and  often 
reaching  as  high  as  70  per  cent.  It  is  always  slightly  acid  (about  '5  per 
cent.).  The  solid  residue  varies  from  *7  to  1  -5  per  cent.  It  may  contain 
sugar;  the  proportion  of  ash  is  very  small,  seldom  more  than  -1  per 
cent.  The  analysis  is  carried  out  strictly  on  the  principles  before 
described,1  and  the  calculation  for  added  water  is  the  same  as  for  brandy 
(see  previous  page). 

A.  Scala  has  made  some  careful  analyses  of  rum,  the  results  of  which 
are  as  follows : — 


Formic  ether, 
Acetic  ether, 
Alcohol  (weight), 
Amylic  alcohol, 

Schiff 's  test  for  al 
dehydes, 

Extract, 
Ash,  . 

Colour  produced  by  J 
sulphuric  acid,  .  | 


Seven  Jamaica  Rums. 

Sample 
of 

Arti- 

Five Samples  of 
Rum-Essence.  3 

Martin- 

ficial 

ique 

Rum. 

Mean. 

Max. 

Min. 

Rum. 

Mean. 

Max. 

Min. 

0*0052 

•009 

•  -004 

0-012 

0-026 

0-86 

1-36 

0-46 

0*079 

•141 

•024 

0-297 

0-169 

12-81 

26*90 

6-11 

39-38 

53*00 

28*69 

44-36 

48-05 

54-61 

78-40 

44*50 

0*109 

0-206 

0-033 

0*266 

0*169 

Two  of  the  7  samples  no 

Dis- 

Very 

colour,  the  others  con- 

tinct 

weak 

... 

tained  aldehyde. 

colour. 

colour. 

1-066 

2*21 

0-194 

0*364 

3-90 

7*94 

1-98 

0*016 

0-028 

0*011 

0*062 

1-31 

5*02 

0-06 

Weak 

Three  samples  no  colour. 

reac- 

... 

... 

tion. 

All  the  rum-essences  had  a  cinnamon  odour,  and  were  coloured  with 
caramel. 


Whisky. 

§  276.  Whisky  is  one  of  the  corn  spirits,  and  is  usually  manufactured 
from  malted  grain.  The  Scotch  distillers  for  the  most  part  make  it 
entirely  from  a  malt  mash,  the  Irish  use  malt  and  raw  grain ;  but  in  both 
countries  there  are  considerable  differences  in  its  manufacture.  The 
new  whisky,  impregnated  with  fousel  oil,  is  called  'pot-still  whisky.' 
This  liquor  is  often  blended  with  so-called  improvers — 1  Hambro  '  sherry, 
prime  wine,  etc.  The  specific  gravities  of  whiskies  are  usually  from  *915 
to  -920 ;  alcoholic  strength  from  50  to  60  per  cent. ;  total  extract  under 

1  Jamaica  rum  was  found  by  H.  Beckurus  (Arch.  Pharm.  [3],  xviij.,  342-346)  to 
vary  in  alcoholic  strength  from  63  to  90  per  cent.  A  rum-essence  is  said  to  be  made 
by  distilling  75  kilos,  of  alcohol  (90  per  cent.  vol. ),  50  kilos,  of  wood-vinegar,  30  kilos, 
of  sulphuric  acid,  20  kilos,  of  manganese  dioxide,  and  10  kilos,  of  potato  starch — the 
distillate  is  browned  by  means  of  burnt  sugar.  The  essence  is  added  in  suitable  propor- 
tions to  diluted  rectified  spirit. 

2  Qazetta  Chimica  Italiana,  1891. 
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1  per  cent. ;  it  has  a  minute  quantity  of  volatile  acid  (seldom,  perhaps 
never,  so  high  as  '1  per  cent.),  reckoned  as  acetic,  and  a  trace  of  ash. 
If  sugar  is  found  it  must  have  been  added. 

The  chief  adulterant  popularly  supposed  to  be  mixed  with  whisky  is 
potato  spirit,  or  fousel  oil ;  but  besides  this,  methyl  alcohol,  creosote, 
fixed  acids,  and,  generally  speaking,  the  sophistications  used  for  the  other 
spirits,  have  either  been  proved,  or  their  presence  suspected,  as  fraudulent 
additions.  With  regard  to  fousel  oil,  small  quantities  in  ordinary  whisky 
are  incidental  to  its  manufacture,  and  not  an  adulteration. 

Dr.  Dupre  found  in  a  sample  of  Scotch  whisky — 

For  100  of  ethylic  alcohol,    .       .  0*19  per  cent  amylic. 

Cape  smoke,   0*24  „ 

Common  samshoe,       .  .  0'18 

Fine         „  ...  0'13 

§  277.  The  question  whether  the  higher  alcohols  are  injurious  depends 
mainly  on  the  quantity — for  in  small  amounts  they  may  be  found  in  most 
spirits  and  fermented  liquids.  Men  engaged  in  the  manufacture  of  potato- 
spirit  suffer  from  headache  and  general  nervous  indisposition,  unless  the 
vapours  are  conducted  away  from  them.  An  experiment  by  Cross  on 
himself  showed  that  the  vapour  caused  intense  aching  and  heaviness  of 
the  head,  and  other  unpleasant  symptoms.  It  has  also  been  shown  that 
20  cgrms.  (3*0  grains)  of  amyl  alcohol  taken  internally  produce  slight 
symptoms,  the  action  being  first  stimulating,  then  depressing. 

From  the  foregoing  we  are  now  in  some  degree  able  to  judge  what 
amount  of  amylic  alcohol  would  probably  have  immediate  injurious 
effects ;  as  to  the  chronic  effects  of  small  doses  nothing  definite  is  known. 
Turning  to  Dr.  Dupre^s  first  sample  (a  Scotch  whisky  containing  *19  of 
amylic  to  every  100  of  ethylic  alcohol,  the  whisky  itself  containing  54*5 
per  cent,  of  alcohol),  it  would  appear  that  such  a  whisky  has  about  '49 
grain  of  amylic  alcohol  to  the  ounce.  A  person  taking  2  ounces  of  such 
a  liquid  would  thus  swallow  nearly  a  grain  of  amylic  alcohol,  and  if  it 
contained  three  times  the  quantity,  the  active  properties  of  the  amylic 
would  be  added  to  that  of  the  ethylic  ;  fpr  it  would  then  be  equal  to  about 
3  grains,  the  lowest  amount  at  which  distinct  effects  can  be  obtained. 
Anything,  therefore,  like  a  grain  and  a  half  of  amylic  alcohol  per  ounce 
(irrespective  of  the  question  whether  such  a  whisky  may  be  pronounced 
adulterated  or  not),  may  certainly  be  considered  injurious  to  health.  The 
aualysis  of  whisky  is  carried  out  precisely  upon  the  principles  already 
detailed.  Sir  Lauder  Brunton,  however,  refers  the  bad  effects  of  spirits 
mainly  to  furfural. 

§  278.  The  prosecutions  for  mere  dilution  of  whisky1  have  been 
frequent;  but  few  convictions  for  other  adulterations  appear  to  have  been 
obtained.  The  statutory  standard  for  the  alcoholic  strength  of  whisky 
is  the  same  as  for  brandy,  and  the  added  water  is  calculated  in  the  same 
way  (see  page  398). 

Gin. 

§  279.  Gin  is  a  spirit  flavoured  with  various  substances.  The 
statutory  limit  of  dilution  for  gin  is  35  degrees  under  proof.    To  calculate 

1  The  legal  limit  of  dilution  of  brandy,  whisky,  or  rum  is  26  degrees  under  proof. 
(See  p.  85.) 
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the  amount  of  water  added  the  excess  of  degrees  U.P.  above  35  is 
multiplied  by  the  factor  154.  Thus  a  gin  40°  U.P.  would  have  been 
diluted  5  x  1*54,  or  7*7  per  cent.  The  different  receipts  used  in  the 
trade  include — 


These  generally  impart  their  essential  oils  to  the  spirit.  A  few  of 
the  more  important  only  will  be  described  here. 

§  280.  Oil  of  Calamus. — The  oil  distilled  from  the  root  of  the  calamus 
is  a  somewhat  thick,  yellow,  or  brownish-yellow  oil ;  neutral,  specific 
gravity  0*950  to  0*952;  after  rectification,  0*950;  boiling  point,  196°. 
It  contains  oxygen,  is  but  slowly  changed  by  sodium,  and  does  not  ful- 
minate with  iodine.  It  dissolves  in  all  proportions  in  alcohol  and 
bisulphide  of  carbon.  The  spirituous  solution  of  the  oil  takes  a  browTn 
colour  on  the  addition  of  a  little  chloride  of  iron. 

§  281.  Oil  of  Cardamom*  is  a  pale  yellow  oil,  with  a  strong  smell  of 
cardamoms,  of  neutral  reaction,  of  specific  gravity  0*92  to  0*94.  It 
contains  a  stearoptene  of  the  formula  C10lIl63H2O. 

§  282.  Angelica  root  contains  a  volatile  acid — Angelic,  acid — a  bitter 
principle,  a  crystalline  substance — Angelicine — a  resinous  substance,  an 
essential  oil,  and  other  constituents. 

H  \  /CO^H 

Angelic  Acid,       /C-C^       ,  forms  transparent  glittering  prisms  and 

needles,  melting  at  45°  into  an  oil,  which  may  be  solidified  at  0°  into  a 
crystalline  solid.  If  the  heat  be  raised  up  to  185°  it  boils  and  distils  un- 
changed ;  it  is  inflammable,  burning  with  a  luminous  flame.  The  acid 
reddens  litmus,  and  has  the  odour  of  the  root.  It  scarcely  dissolves  in  cold, 
but  is  soluble  in  hot  water,  in  alcohol,  ether,  turpentine,  and  the  fatty 
oils.  It  forms  salts  with  bases,  which  lose  a  part  of  the  acid  on  evaporation. 
It  precipitates  lead  and  silver  salts  white ;  iron  salts,  dark  yellow ;  and 
copper,  bluish.  By  the  aid  of  hydric  iodide  and  red  phosphorus,  acting  at 
180°  to  200°,  angelic  acid  is  changed  into  valerianic.  Melting  the  acid 
with  KHO  decomposes  it  into  propionate  and  acetate  of  potash. 

Angelicine  is,  according  to  Brunner,  probably  identical  with  hydro- 
carotin,  a  principle  described  by  Husemann,  found  in  the  Daucus  carota9 
L.,  and  to  which  the  following  formula  is  ascribed,  C^H^O.  Hydrocarotin, 
or  angelicine,  forms  colourless,  large,  thin  plates,  without  smell  or  taste, 
swimming  in  water,  and  becoming  at  100°  hard  and  brittle.  At  higher 
temperatures  (120°*5)  it  melts  without  loss  of  weight  to  a  yellow  fluid, 
which  solidifies  as  a  resinous  mass,  and  cannot  be  again  crystallised.  It  is 
readily  soluble  in  ether,  chloroform,  carbon  bisulphide,  benzine,  oil  of 
turpentine,  and  warm  olive  oil.  It  is  not  changed  in  colour  by  concen- 
trated hydrochloric  acid ;  fuming  nitric  acid  dissolves  it  with  the  evolution 
of  gas.  Concentrated  sulphuric  acid  dissolves  it  to  a  red  fluid,  depositing 
brownish-white  flakes  on  dilution  with  water. 

Angelica  Oil  is  colourless,  and  lighter  than  water ;  it  has  a  penetrating 
odour  and  camphor-like  taste,  and  resinifies  on  exposure  to  the  air. 

§  283.  Oil  of  Coriander  is  a  pale  yellow  oil,  smelling  like  the  fruit ;  of 
specific  gravity  *871  at  14°,  and  a  portion  distilling  over  at  150°.  The 


Juniper  berries. 
Coriander  seeds. 
Orris  root. 
Angelica  root. 
Calamus  root. 


Cardamom  seeds. 
Liquorice  i>owder. 
Grains  of  Paradise. 
Cassia  buds. 
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volatile  part  corresponds  to  the  formula  C10H18O2  =  (CH3)2C  :  CHCH2CH2 
C(CH3)OH.CHCH2. 

§  284.  Oil  of  Juniper  is  contained  in  the  unripe  berries  of  the  common 
juniper,  in  the  proportion  of  from  *4  to  *75  per  cent.  It  is  colourless,  or 
of  a  pale  yellow,  dissolving  with  turbidity  in  twelve  parts  of  alcohol  of  83 
per  cent.  Miscible  in  all  proportions  with  ether  and  bisulphide  of  carbon. 
Smell  and  taste  mildly  aromatic.  Specific  gravity  0*862  to  0*874,  but  the 
poorer  commercial  samples  often  have  a  specific  gravity  of  0*860.  The 
perfectly  colourless  oil  does  not  fulminate  with  iodine,  but  the  commoner 
kinds  explode  powerfully.  If  from  5  to  6  drops  of  the  oil  be  placed  in  a 
test-tube,  and  five  times  its  bulk  of  sulphuric  acid  be  added,  much  heat  is 
developed  with  the  evolution  of  vapour,  and  the  fluid  becomes  dark  yellow- 
red  and  turbid ;  on  now  diluting  with  10  c.c.  of  90  per  cent,  alcohol,  the 
colour  changes  to  a  somewhat  dirty  rose  tint.  The  pure  oil  boils  between 
140°  and  150°.  On  exposure  to  the  air,  oxygen  is  absorbed ;  and  on  long 
standing,  colourless  tables  of  juniper  camphor  are  separated.  This  camphor 
melts  and  sublimes  without  decomposition,  is  easily  soluble  in  ether  and 
alcohol,  and  may  be  obtained  in  feathery  crystals. 

The  action  of  warm  water  on  juniper  oil,  if  kept  up  for  some  consider- 
able time,  results  in  the  formation  of  a  crystalline  hydrate.  Oil  of  juniper 
is  officinal  in  all  the  Continental  pharmacopoeias,  as  well  as  our  own.  In 
such  large  doses  as  from  15  to  30  grms.,  it  is  fatal  to  kittens,  apparently 
acting  in  the  same  way  as  turpentine. 

§  285.  Analysis  of  Gin. — The  analyst  should  find  in  good  gin  at 
least  80  per  cent,  of  proof  spirit,  and  a  variable  amount  of  sugar  and 
flavouring  matters,  seldom  much  over  5  or  6  per  cent.  Sulphuric  acid, 
sulphate  of  zinc,  alum,  and  lead  should  always  be  looked  for.  Many 
writers  seem  to  imagine  that  grains  of  paradise  is  an  adulterant.  It 
is,  however,  in  its  properties  merely  a  pepper,  and  much  nonsense  has 
been  talked  about  it.  It  is  very  doubtful  whether  any  just  conviction 
would  be  obtained  for  the  addition  of  any  harmless  flavouring  to  the 
spirit;  nearly  all  prosecutions  hitherto  have  been  for  dilution,  and  for 
dilution  only. 

The  alcohol  is  determined  by  distillation,  as  before  described  (p.  387), 
and  the  percentage  in  the  distillate  estimated  by  specific  gravity,  and,  if 
necessary,  in  other  ways.  Neither  methyl-alcohol  nor  fousel-oil  appears 
to  have  been  found  in  gin. 

The  residue  after  the  distillation  may  be  treated  with  petroleum  ether, 
benzine,  etc.,  as  in  DragendorfFs  process  for  the  testing  of  beers.  The 
essential  oils  will  be  taken  up  by  the  petroleum  ether,  and  may  be  identified 
by  their  odour  and  taste,  and  (if  enough  is  obtained)  by  their  physical 
properties.  Sulphuric  acid,  if  in  a  free  state,  may  be  separated  by 
cinchonine,  as  recommended  under  the  article  'Vinegar.'  The  detection 
of  alum,  lead,  and  zinc  is  elsewhere  described. 


Arrack. 

§  286.  The.  best  qualities  of  arrack  are  manufactured  by  distillation  of 
the  fermented  juice  of  the  cocoa-nut  tree,  palmyra  tree,  and  other  palms ; 
the  coarser  kinds  are  made  from  the  distillation  of  fermented  rice  liquor. 
Arrack  is  nearly  colourless,  a  slight  tinge  of  yellow  or  brown  being  only 


§§  287,  28 8. J  LIQUEURS  OR  cordials. 


403 


observed  in  samples  kept  in  casks  for  a  length  of  time.  The  average 
strength  and  composition  of  arrack  are  as  follows: — 

Per  cent. 

Specific  gravity,  .  .       .  '9158 

Alcohol   52700 

Extract   *082 

Ash,    -024 

Water  47*194 

The  Hindoos  and  Malays  consume  large  quantities  of  arrack.  It  would 
appear  in  the  East  to  be  occasionally  drugged,  and  Indian  hemp  and  the 
juice  from  solanaceous  plants  are  said  to  be  employed  for  this  purpose. 


LIQUEURS  OR  CORDIALS. 

§  287.  The  term  cordial,  liqueur,  etc.,  is  applied  to  a  number  of 
liquids  which  essentially  consist  of  very  strong  spirit,  flavoured  with 
essences,  and  often  very  brightly  coloured  by  vegetable  colouring-agents, 
such  as  turmeric,  cochineal,  etc.  Occasionally  injurious  colours  are 
used,  and  salts  of  copper,  picric  acid,  and  impure  aniline  dyes  have  been 
detected.  Of  the  liqueurs,  absinthe  is  the  most  important  in  relation  to 
health,  and  will  be  considered  separately.  The  alcoholic  strength  and 
general  composition  of  a  few  others  are  as  follows : — 


Specific 
Gravity. 

Alcohol 

by 
Weight. 

Extract. 

Cane 
Sugar. 

Other 
Extractive 
Matters. 

Ash. 

Bonekamp  of  Maagbitter,  . 
Benedictine-bitter, 
Ingwer,  .... 
Creme  de  Menthe, 
Anisette  de  Bordeaux, 
Curacoa,  .... 
Miimmel -liqueur, 
Pfeffer-munz  liqueur, . 
Swedish  Punch, 

•9426 
1*0709 
1*0481 
1*0447 
1*0847 
1 -0800 
1*0880 
11429 
1*1080 

42*5 
44*4 
40*2 
40*7 
85*2 
47*8 
28*0 
28*6 
21*6 

2*05 
36*00 
27*79 
28*28 
84*82 
28  60 
32  02 
48-25 
36*61 

32**57 
25*92 
27*63 
34*44 
28-50 
31-18 
47*35 

3:43 
1*87 
0*65 
0*38 
0*10 
0*84 
0*90 

0*106 
0*048 
0*141 
0*068 
0*040 
0*040 
0*058 
0*068 

Absinths. 

§  288.  Absinthe  is  a  yellowish-green  liqueur,  which  contains,  as  a 
peculiar  and  distinctive  ingredient,  a  poisonous  oil  having  a  deleterious 
action  on  the  nervous  system.  This,  wormwood  oil,  is  the  produce  of 
the  Artemisia  absinthium.  Other  flavouring  oils  are  always  present, 
such  as  peppermint,  angelica,  cloves,  cinnamon,  and  aniseed.  The  green 
colour  is  produced  by  the  juice  of  spinach,  nettles,  or  parsley,  or,  in  other 
words,  it  is  due  to  chlorophyll.  The  absorption-spectrum  of  properly  made 
absinthe  is  the  same  as  that  of  chlorophyll.    Most  samples  of  absinthe 
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contain  sugar.  The  average  composition  of  the  liqueur  as  consumed  in 
London  (where  its  use  is  on  the  increase)  is  as  follows : — 

Per  cent. 


Absolute  alcohol,   50*00 

Oil  of  wormwood,   *33 

Other  essential  oils,   2  '52 

Sugar   T50 

Chlorophyll,   traces 

Water   45*65 


On  diluting  absinthe  the  essential  oils  are  thrown  out  of  solution,  and 
the  liquid  becomes  turbid.  The  reaction  is  always  slightly  acid,  due  to  a 
trace  of  acetic  acid. 

Adulterations  of  Almntlie. — The  composition  of  absinthe  appears  to  be 
fixed  by  no  definite  standard  of  strength ;  therefore,  practically,  the  analyst 
has  to  look  only  for  such  substances  as  injurious  colouring-matters  and 
metallic  impurities.  Sulphate  of  indigo  with  turmeric  is  not  unfrequently 
employed  as  a  colouring  agent,  and  similarly  picric  acid  has  been  detected, 
and  salts  of  copper.  The  latter  is  readily  discovered  by  diluting  the  liqueur 
and  adding  ferrocyanide  of  potassium,  which,  if  copper  be  present,  will  give 
a  brown  coloration ;  picric  acid  and  indigo  are  detected  in  the  way  else- 
where described.    (See  Iiplex.) 

Analysis  of  Absinthe. — The  alcohol  may  be  determined  by  distillation, 
after  diluting  the  liqueur  to  cause  the  oils  to  separate,  and  getting  rid  of 
some  portion  by  filtration.  To  make  an  estimation  of  the  essential  oils,  a 
measured  quantity  of  the  liqueur  is  diluted  to  twice  its  volume  by  the 
addition  of  water ;  carbon  bisulphide  is  added,  and  the  mixture  shaken  up 
in  the  tube  described  at  p.  223.  The  carbon  bisulphide  dissolves  all  the 
essential  oils,  and  on  evaporation  leaves  them  in  a  state  pure  enough  to 
admit  of  their  being  weighed.  Absinthe,  when  taken  habitually  and  for  a 
lengthened  time,  produces  a  peculiar  train  of  nervous  symptoms  which  the 
French  physicians  affect  to  distinguish  from  the  similar  symptoms  produced 
in  inebriates  by  alcohol.  In  epilepsy  caused  by  indulgence  in  absinthe,  M. 
Voisin  states,  as  the  results  of  clinical  observation,  that  the  number  of  fits  is 
far  greater  than  in  alcoholic  epilepsy. 


FERMENTATION  :  FERMENTED  LIQUORS. 

"  The  chemical  Act  of  fermentation  is  essentially  a  correlative  phenomenon  of  a  vital  act 
beginning  and  ending  with  it.  I  think  that  there  is  never  any  alcoholic  fermenta- 
tion without  there  being,  at  the  same  time,  organisation,  development,  and 
multiplication  of  globules,  or  the  continued  consecutive  life  of  globules  already 
formed. " — Pasteur. 

§  289.  Fermented  liquors  are  those  manufactured  by  fermentation — i.e., 
a  peculiar,  low  vegetable  growth  has  been  allowed  to  grow  and  multiply, 
assimilating  material  in  one  form,  and  excreting  it  in  another,  and  this 
process  has  evolved,  with  other  by-products,  carbon  dioxide  and  alcohol 
Fermentation  used  to  be  considered  as  a  sort  of  special  action ;  but  modern 
research  recognises  a  great  variety  of  ferments,  and  it  is  a  question  whether 
all  animal  and  vegetable  cells,  in  the  exercise  of  their  normal  functions,  do 
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not  act  in  a  similar  manner  to  the  environing  fluids,  as  do  the  organisms 
more  distinctively  called  'ferments.' 

In  normal  alcoholic  or  spirituous  fermentation,  as  in  the  manufacture  of 
beer,  a  minute  unicellular  plant,  4  yeast/  grows  and  multiplies,  and  splits 
up  the  sugar,  as  in  the  following  equation  : — 

C6H1208=2C2H80  +  2C021 

that  is,  one  molecule  of  sugar  furnishes  two  of  alcohol  and  two  of  carbon 
dioxide.  In  ordinary  practice  this  complete  reaction  never  occurs,  but  if 
by  the  constant  removal  of  carbon  dioxide  and  alcohol,  by  means  of  a 
mercury  pump,  atmospheric  air  be  excluded,  the  equation  is  nearly  realised. 
M.  Pasteur,  in  his  quantitative  research  on  the  products  of  ordinary 
fermentation,1  found  that  100  parts  of  cane-sugar,  corresponding  to  105*26 
parts  of  grape-sugar,  gave  nearly 

Alcohol,  .       .       .       .  51-11 

Carbon  dioxide,       .       .  i  48  "89  according  to  Gay  Lussac's  equation 

'  \  0*58  excess  over  ,, 

Succinic  acid,  .  0*67 
Glycerin,  .  .  .  3*16 
Matter  united  with  ferments,     1  *00 

105*36 

M.  Monoyer2  has  represented  Pasteur's  results  in  the  form  of  the 
following  equation : — 

4(C13H34012)  +  6HyO  =  2(C4H604)  +  12(C3H8Oa)  +  4COa + O* 

the  free  oxygen  being  supposed  to  serve  for  the  respiration  of  the  yeast 
cells.  Pasteur's  equation  is  far  more  complex,  and  represents  no  free 
oxygen  as  produced;  yet  the  fact  of  fermentation  going  on  briskly  in  a 
vacuum,  as  well  as  other  considerations,  points  to  the  probable  correctness 
of  Monoyer's  supposition. 

As  a  secondary  product,  there  is  also  constantly  acetic  acid.  This  is 
generally  considered  to  originate  from  the  ferment  itself.  With  ethyl- 
alcohol  there  is  also  produced,  when  complex  matters  are  fermented,  several 
other  homologous  alcohols.  For  example,  if  potatoes  are  fermented,  on 
distilling  off  the  more  volatile  portions,  and  collecting  separately  the  final 

1  The  method  adopted  by  M.  Pasteur  to  detect  and  measure  quantitatively  the 
glycerin  and  succinic  acid  contained  in  a  fermented  liquid,  was  as  follows : — "The  liquid, 
when  the  fermentation  was  over,  and  all  the  sugar  had  disappeared  (which  required  from 
fifteen  to  twenty  days  under  good  conditions),  was  passed  through  a  filter,  accurately 
weighed  against  another  made  of  the  same  paper.  After  having  been  dried  at  100°,  the 
dried  deposit  of  the  ferment  collected  at  the  bottom  of  the  vessel  was  also  weighed. 
The  filtered  liquid  was  subjected  to  a  very  slow  evaporation  (at  the  rate  of  from  twelve  to 
twenty  hours  for  each  half  litre) ;  when  reduced  to  10  or  20  c.c.  the  evaporation  was 
completed  in  a  dry  vacuum.  The  syrup  obtained  was  next  exhausted  with  a  mixture  of 
alconol  and  ether  (1  part  alcohol  of  30°  and  1*5  parts  ether),  which  extracted  completely 
all  the  succinic  acid  and  glycerin.  The  ether-alcohol  was  distilled  in  a  retort,  then 
evaporated  in  a  water-bath,  and  afterwards  in  a  dry  vacuum.  To  this  was  added  a  little 
lime  water,  to  fix  the  succinic  acid,  and  again  the  mixture  was  evaporated,  and  then  the 
glycerin  was  separated  from  the  succinate  of  lime  by  ether-alcohol,  which  only  dissolved 
out  the  glycerin.  This  ether-alcohol  solution  on  evaporation,  which  was  finished  as 
before  in  a  dry  vacuum,  left  the  glycerin  in  a  state  fit  to  be  weighed,  and  the  calcium 
succinate  was  purified  by  treatment  with  alcohol  of  80  per  cent,  which  only  dissolved  out 
the  foreign  matters. "—Schiilzenberger  on  "  Fermentation."  Lond.,  1876. 

9  "  These  de  la  Faculte  de  Medecine  de  Strasbourg." 
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distillate,  this  is  found  to  consist  of  propyl,  butyl,  amyl,  caproic,  oenanthyl, 
and  caprylic  alcohols.1 

§  290.  Yeast. — There  are  no  less  than  three  methods  of  causing  the  wort 
of  beer  to  ferment,  but  none  of  the  three  presents  any  very  distinct  variety 
of  the  yeast  ferment.  The  one  generally  employed  in  England  is  what  is 
called  top  fermentation,  in  which  the  starch  of  the  malt  is  changed  into 
sugar  by  successive  infusions,  and  the  fermentation  takes  place  at  from  15° 
to  18°.  This  in  breweries  is  done  in  large  open  vats ;  the  yeast  floats  on 
the  surface,  and  can  be  removed  by  skimming. 

The  second  method,  more  in  use  in  Germany,  is  fermentation  by  sedi- 
mentary yeast  ( Unterhefe).  The  starch  is  transformed  by  decoction,  and  the 
temperature  (123  to  14°)  is  much  lower  than  the  former.  The  yeast  forms  a 
sediment  on  the  bottom ;  and  when  the  first  and  most  active  fermentation  is 
over,  the  clear  liquid  is  run  off  into  proper  vessels  ;  but  the  yeast  not  having 
been  all  deposited,  a  slow  fermentation  still  goes  on  for  a  long  time. 

A  third  method,  employed  in  Belgium,  is  to  leave  the  wort  to  itself, 
having  first  placed  it  under  proper  conditions. 

The  microscopical  appearance  of  yeast  is  that  of  a  number  of  round  or 
oval  cells,  from  -00031  to  00035  in.  (  008  to  -009  mm.)  in  their  greatest 
diameter.  They  are  transparent,  with  one  or  two  vacuoles  ;  contain  often 
a  somewhat  granular  protoplasm,  and  occur  together,  united  two  by  two ; 
or,  if  in  active  growth,  in  groups,  of  which  seven  is  a  very  common 
number.  These  groups  are  derived  from  offshoots  or  buds  from  a  single 
cell,  which  will  be  found  somewhere  near  the  middle,  and  can  be  identified 
by  its  greater  size.  The  usual  teaching  as  to  the  mode  of  propagation  has 
been  hitherto  that  this  growth  is  effected  by  a  true  budding ;  but  accord- 
ing to  Dr.  de  Vaureal,  the  supposed  budding  is  an  optical  delusion.  He 
considers  the  utricle  of  yeast  as  allied  to  the  spermogones  of  Tulasne.  The 
nucleolar  elements  of  the  cell  are  spermatic;  and  being  set  free  by  the 
rupture  of  the  cell- wall,  produce  new  cells.  This  explanation  would  at  all 
events  account  for  the  ready  manner  in  which  yeast  germs  are  carried 
about  by  the  air. 

Schlossberger  and  many  other  chemists  have  determined  the  chemical 
composition  of  yeast.  Schlossberger  gives  the  mean  of  two  analyses  as 
follows  [the  elementary  composition  after  removal  of  ash]  : — 

Surface  Yeast.  Sedimentary  Yeast. 


Carbon   49*9  48*0 

Hydrogen,   6*6  6*5 

Nitrogen,   12*1  9  8 

Oxygen,   81*4  357 

[Ash,   2-5  3*5] 


The  ultimate  principles  contained  in  yeast  appear  to  be,  certain 
albuminoid  substances,  tyrosine,  leucine,  [nuclein?],  cellulose,  and  some 
other  hydro-carbons,  but  the  matter  is  not  yet  fully  worked  out. 

The  ash  of  yeast  has  been  analysed  by  Mitscherlich,  and  Schutzenberger 
arranges  his  analyses  as  follows : — 

8urface  Yeast.    Sediment  Yeast. 


Phosphoric  acid,     ....  41*8  39*5 

Potash,   39*8  28  3 

Soda,  

Magnesium  Phosphate  (Mg22P04),   .  16*8  22*6 

Calcium  Phosphate  (Caa2P04),        .  2*3  9'7 


1  M.  Jeanjean  has  separated  camphyl-alcohol  (C10H16O)  from  the  distillate  of 
madder. 
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The  researches  of  Ergol,  Rees,  Pasteur,  and  others  have  shown  that 
there  are  a  great  variety  of  alcoholic  ferments :  the  wine  ferment  is  distinct 
in  size  and  shape  from  the  beer-yeast  ferment ;  while  the  ferment  of  fruit- 
juice,  again,  differs  in  the  figure  of  its  cells  from  either;  and  to  the  various 
alcoholic  ferments  names  have  been  given — e.g.,  Saccharomyces  ellipsoideus, 
S.  exiguvs,  S.  conglomeratus,  S.  apiculatus,  etc.  All  of  them,  however,  are 
of  quite  the  same  general  type  as  yeast  ferment. 

§291.  When  liquids  become  sour,  ropy,  or  putrid,  in  each  case  the 
change  has  been  produced  by  a  particular  ferment.  The  lactic  acid  ferment, 
e.g.,  decomposes  sugar  into  lactic  acid ;  the  brdyric  acid  ferment  attacks 
fatty  matters,  and  separates  in  a  free  state  butyric  acid ;  and  putrid 
ferments,  by  their  avidity  for  oxygen,  split  up  complex  organic  matters 
into  a  variety  of  substances.  Of  these  ferments,  the  most  important  in 
reference  to  beer  is  the  lactic  acid  ferment.  In  normal  alcoholic  fermenta- 
tion, M.  Pasteur  has  proved  that  there  is  not  the  smallest  production  of 
lactic  acid,  and  when  this  does  appear,  it  is  certain  that  it  has  originated 
in  and  contaminated  the  yeast  used.  These  ferments  can  be  recognised  by 
the  microscope,  and  they  should  be  looked  for  generally  in  the  sediment. 
For  the  purpose  of  collecting  the  sediment  of  beers,  wines,  water,  etc.,  the 
author  (A.  W.  B.)  has  devised  the  following  tube  (fig.  65).    The  tube  is  of 


the  capacity  of  a  litre,  and  at  the  lower  end  is  conical  and  open ;  on  to 
this  conical  end  is  ground  a  glass  cap,  C,  which  is  in  point  of  fact  a  shallow 
cell  about  an  inch  in  depth ;  P  is  a  glass  rod,  the  end  of  which  fits  easily 
into  the  narrow  part  of  the  tube,  and  is  ground  so  as  to  make  a  perfect 
joint.  The  use  of  the  tube  is  as  follows : — The  liquid  under  examination 
is  placed  in  the  tube  closed  by  the  cap,  and  the  plunger  P  is  removed  ; 
when  the  sediment  has  all  collected  in  C,  the  plunger  is  very  slowly  and 
carefully  inserted,  so  as  to  stopper  the  lower  end  of  the  tube ;  the  cap  may 
then  be  removed  for  microscopical  examination. 


3 
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Fig.  66  is  a  representation,  after  Pasteur,  of  the  ferments  which  char- 
acterise sour  or  turned  beer. 

1.  Turned  beer— filaments  simple  or  articulated  into  chains  of  different  size;  diameter 

nftoa  inch. 

2.  Lactic  ferments  of  beer  and  wort — small,  fine,  and  contracted  in  the  middle  ;  diameter 

a  little  greater  than  No.  1. 

3.  Ferments  of  putrid  wort  and  beer — mobile  filaments  generally,  which  appear  at  the 

commencement  of  fermentation  when  it  is  slow ;  invariably  the  result  of  defective 
working. 

4.  Ferments  of  viscatis  wort  and  ropy  beer,  rare. 

5.  Pungent  sour  beer  with  acetic  oaour — chaplets  of  Mycoderma  aceti. 
0.  A  wort  deposit 

7.  Beer  of  a  peculiar  acidity — having  a  detestable  taste  and  smell,  generally  found  with 
No.  1,  but  more  to  be  feared  than  No.  1. 


Beer. 

§  292.  The  most  accurate  definition  of  beer,1  as  brewed  in  the  present 
day,  is  that  of  a  fermented  saccharine  infusion,  to  which  has  been  added 
a  wholesome  bitter.  The  chief  constituents  of  beer,  stouts,  and  porters, 
are — 

(1.)  Water  containing  in  solution  (according  to  its  origin)  various  salts.  Distilled 

water  is  never  used  in  brewing. 
(2.)  Alcohol. 

(3. )  Carbonic  and  acetic  acids. 

(4. )  Malt  extract — malt,  sugar,  dextrin,  albuminous  constituents,  and  ash. 

(5. )  Bitter  principles,  occasionally  derived  solely  from  the  hop,  but  very  commonly 
supplemented  by  so-called  '  hop  substitutes.'  Samples  of  the  latter  examined 
by  the  author  all  contained  'quassia,'  and  portions  of  the  following  plants 
were  identified — calumba,  chiretta,  gentian,  and  wormwood. 

(6. )  The  ash  derived  from  the  water,  the  malt,  and  the  bitters. 

To  these  must  be  added  volatile  and  essential  oils,  vegetable  gelatine, 
glucinic  acid  derived  from  the  sugars,  lactic  acid,  and,  in  porters,  caramel 
and  assamar. 

The  general  composition  of  the  chief  ingredients  of  beer  may  be  gathered 
from  Table  XLIIL,  taken  from  Mr.  Watts'  Dictionary. 

The  composition  of  beers,  as  a  whole,  varies  in  some  degree  according 
to  the  kind  of  ale  or  beer,  according  to  the  method  of  manufacture,  and 
according  to  its  age  and  preservation. 

Pale  Ale  should  be  made  from  the  finest  and  highest  dried  malt  and 
the  choicest  hops,  the  bitter  being  in  excess. 

Mild  Ale  is  a  sweet,  rather  strong  beer.  Table  beer  is  rarely  sold — it  is 
a  weak  watery  ale. 

Porter,  as  drunk  in  the  metropolis,  is  a  rather  weak  malt-liquor, 
coloured  and  flavoured  with  roasted  malt.  Stout  is  a  richer  and  stronger 
description  of  porter. 

1  From  the  decisions  in  Pashler  v.  Stevenitt  (35  L.T.,  802),  and  Webb  v.  Knight 
(L.R.  2,  Q.B.D.  530),  it  is  laid  down  that  beer  must  be  "the  article  ordinarily  sold 
under  that  name,"  and  that  it  "  would  be  to  the  prejudice  of  the  purchaser  to  sell  him  or 
her  as  beer  an  article  not  of  the  nature,  substance,  and  quality  of  that  ordinarily  sold  as 
such,  whether  containing  ingredients  injurious  to  health  or  not"  (The  Sale  of  Food  and  . 
Drugs  Acts,  by  W.  J.  Bell,  Esq.    London,  1886.) 
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The  German  Beers  generally  are  fermented  by  sedimentary  yeast,  and 
are  always,  by  reason  of  the  after  fermentation  (Nachgcihrung),  well 
charged  with  carbon  dioxide.  The  lager,  summer,  bock,  or  export  beers 
are  separated  from  the  winter  beers  only  by  the  former  being  brewed  from 
a  richer  wort,  and  containing  more  alcohol,  as  well  as  a  greater  percentage 
of  malt  extract. 

Bavarian  Beers  in  some  degree  derive  their  peculiar  qualities  from 
fermentation  at  a  low  temperature.  They  seldom  contain  more  than  two 
per  cent,  of  alcohol,  are  only  slightly  bittered,  have  a  fine  aroma,  and  a 
peculiar  flavour,  said  to  be  due  to  the  solution  of  a  minute  fraction  of  the 
resinous  matters  used  to  caulk  the  casks. 

Lambick  and  Faro  Beers  are  made  with  unmalted  wheat  and  barley 
malt.  In  fermentation  the  wort  is  self- impregnated,  the  process  sometimes 
taking  months,  and  being  mostly  of  a  bottom  character.  The  beer  contains 
a  large  quantity  of  lactic  acid,  and  is  very  hard  in  consequence. 

Of  the  constituents  of  beer,  it  will  be  necessary  to  notice  fully  the 
water,  the  malt  extract,  the  bitters,  and  the  ash. 


TABLE  XLIII. — Special  Examination  of  Certain  Beers. 


Name  of  Beer. 

Malt 
Extract. 
Per  cent 

Alcohol. 
Per  cent. 

Carbonic 

Acid. 
Per  cent. 

Water. 

Per  cent. 

Analysed  by 

London    Porter,    Barclay    &  j 
Perkins,  j 

6-0 

5'4 

0*16 

88*44 

Kaiser. 

London  Porter, 

6-8 

6  9 

86-3 

Balling. 

1,        1,  Berlin, 

5'9 

47 

0;37 

89-0 

Ziurek. 

Burton  Ale,  .... 

14*5 

69 

796 

Hoffmann. 

Scotch  Ale,  Edinburgh,  . 

10-9 

8'5 

0  15 

80*45 

Kaiser. 

Ale,  Berlin  

6-3 

7'6 

0-17 

85*98 

Ziurek. 

Brussels  Lambick,  . 

3*4 

5-5 

0*2 

90*90 

Kaiser. 

„      Faro,  .... 

2*9 

4'9 

0-2 

92*00 

»» 

Salvator  Bier,  Munich, 

9'4 

4*6 

0-18 

85*85 

Bock  Bier,  ,, 
Bavarian  Draught  Beer  (Schenk  j 
Bier,  Munich),     .      .  \ 

9'2 

4*2 

0-17 

86*49 

» 

5-8 

3  8 

014 

90*26 

M 

Bavarian  Store   Beer  (Lager  \ 

Bier,   Munich,   16  months  J- 
old),     .       .       .       .  J 

5*0 

5'1 

0-15 

89*75 

it 

Bavarian  Store  Beer,  Munich,  . 

3*9 

4'3 

0*16 

91*64 

>> 

,,      Draught  Beer,  Bruns-  \ 
wick,  J 

5'4 

3  5 

91*1 

Otto. 

Bavarian  Beer(  Waldschlosschen), 

4-8 

3  6 

91*5 

Fischer. 

Prague  Draught  Beer, 

6*9 

2*4 

90*7 

Balling. 

„     Town  Beer  (Stadt  Bier), 

10*9 

3*9 

85*2 

Sweet  Beer,  Brunswick,  . 

14'0 

1*36 

84*7 

Otto! 

Josty's  Beer,  Berlin, 

2*6 

2-6 

0:5 

94*3 

Ziurek. 

Weraer's  Brown  Beer,  Berlin,  . 

3*1 

2-3 

0-3 

94*2 

>> 

White  Beer,  Berlin,  . 

5*7 

1-9 

0-6 

91*8 

>» 

Biere  Blanche  de  Lou  vain, 

3-0 

4-0 

93*0 

Le  Cambre. 

Peterman  (Lou vain), 

4-0 

6*5 

89*5 

»» 

§  293.  The  water  used  by  tlie  brewer  is  mainly  interesting  to  the  analyst 
on  account  of  the  common  salt  held  in  solution,  since  in  prosecutions  for 
the  addition  of  salt  the  defence  generally  is,  that  the  latter  &  &  -o&tasftk 
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component  of  the  beer.  Thus,  Dr.  Bottinger's  analysis  of  the  constituents 
of  the  water  used  at  Messrs.  Allsopp's  brewery  is  as  follows  : — 

Per  Gallon. 


Chloride  of  sodium,   10*12 

Sulphate  of  potash   7  '6  5 

„         lime,   18*96 

,,         magnesia,   9*95 

Carbonate  of  lime,   15*51 

,,          magnesia,   1*70 

iron,   0*60 

Silica,      .    0*79 


65-28- 

Messrs.  Bass  &  Co.'s  water  (according  to  an  old  analysis  of  Cooper) 
contains  chlorine  equal  to  a  little  over  10  grains  of  common  salt  per  gallon, 
and  all  published  analyses  of  water  used  in  breweries  give  quantities  of  salt 
under  14  grains  per  gallon.  However,  since  breweries,  as  a  rule,  use  hard 
spring  water,  it  is  quite  possible  for  the  water  in  particular  localities  to 
contain  a  much  larger  percentage  of  salt  than  the  quantity  mentioned 
above. 

§  294.  Malt  Extract — The  constituents  of  barley  and  also  of  malt  are 
given  in  the  following  table ;  but  of  these  it  is  the  ash  alone  which  will 
remain,  comparatively  speaking,  unchanged ;  for  by  the  action  of  mashing 
a  very  large  portion  of  the  dextrin  and  starch  becomes  changed  into  sugar. 


TABLE  XLI V.—  Composition  of  Barley  and  Malt. 


Barley. 

Malt 

Air-dried. 

Air-dried. 

Kiln-dried, 
pale. 

Kiln-dried, 
amber. 

Produce  of  torrefaction,  . 

0*0 

0*0 

7*8 

14*0 

Dextrin, 

5'6 

8-0 

6*6 

10*2 

Starch,  .... 

67*0 

58*1 

58*6 

47*6 

Sugar,  .... 

0*0 

0*5 

0*7 

0*9 

Cellulose, 

Albuminous  substances,  . 

9  6 

14*4 

10*8 

11*5 

12*1 

13*6 

10*4 

10*5 

Fatty  substances,  . 

2*6 

2-2 

2*4 

2*6 

Ash,  etc., 

3*1 

3*2 

2*7 

2*7 

100*0 

100*0 

100*0 

100*0 

Barley  contains  dextrin,  starch,  albuminous  substances,  and  a  small 
quantity  of  fat,  together  with  cellulose,  and  the  ordinary  saline  constituents 
of  seeds.  Malt,  varying  a  little  in  composition  according  to  the  heat  of  the 
final  operations  of  the  maltster,  differs  from  barley  in  containing  a  small 
quantity  of  sugar  (derived  from  transformation  of  a  portion  of  the  starch), 
rather  more  dextrin,  and  altogether  less  organic  matter,  the  loss  on  malting 
being  usually  represented  as — 

Water,  6*00 

Saline  matter,  0*48 

Organic  matter,  12*52 

19*00 

in  100  per  cent,  barley.1 

1  C.  O'SulIivan  (Journ.  Chem.  Soc,  Jan.  7,  \W)  has  extracted  from  barley  from  "07 
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Valentine  and  O'Sullivan  give  the  following  as  the  composition  of  pale 
malt.    Each  substance  has  been  directly  estimated. 

Composition  of  Pale  Ma  it 
(Accordiiuj  to  Valentine  and  O'Sttlliran), 

Starch,   44*15  45*13 

Other  carbo-hydrates  (of  which 

60  to  70  per  cent  consist  of 

fermentable  sugars),  Inuiin 

(?),  and  a  small  quantity  of 

other  bodies  soluble  in  cold 

water,        ....  21*23  19*89 

Cellular  matter,        .       .       .  11*57  10*09 

Fat,   1*65  1*96 

Albuminoids — 

(a.)  Soluble  in   alcohol  of 
specific    gravity  '820, 

and  in  cold  water,      .      *63  ...  *46 

(b.)  Soluble  in  cold  water 

and  at  68%  .       .       .    3*23  ...  3*12 

(<*.)  Insoluble  in  cold  water, 

but  soluble  at  6b°  to  70°,    2*37  ...  1*36 

(//.)  Insoluble  at  68°  to  70°, 

but  soluble  in  cold  water 

(albumen  proper),        .'48  ...  *37 

(e.)  Insoluble  in  cold  water 

and  at  70°,  .       .       .    6*38  ...  8*49 

  131)9    13*80 

Ash,   2*60  1*92 

Water   5*83  7*47 


100*12  99*76 

§  295.  The  Colouring-Matters  of  Malt. — The  colouring-matter  of  malt 
has  been  investigated  by  Sorby,  and  examined  spectroscopically.  The 
colour  is  of  an  orange  yellow,  and  may  be  obtained  from  the  hot  water 
extract  of  malt,  after  having  got  rid  of  as  much  sugar  and  gum  as  possible. 
Ammonia  colours  it  a  deeper  yellow,  so  does  50  per  cent,  sulphuric  acid. 
There  is  no  distinctive  spectrum.  A  special  test  is  to  add  citric  acid  to  a 
watery  or  alcoholic  solution,  and  then  sodic  hypochlorite.  The  watery 
solution  under  these  circumstances  becomes  flesh-coloured,  turbid,  and  after 
a  time  precipitates.  The  spectrum,  according  to  Sorby,  is  moderately  dark 
from  D  \  E  to  F  |  G,  clearer  from  there  to  F  J  G,  then  moderately  dark 
without  estimable  narrow  bands;  but  in  alcoholic  solution,  the  solution 
remains  clear,  and  there  is  a  well-marked  band  at  the  yellow  end  of  the 
green,  which  is  at  4 J  of  Sorby's  scale  (that  is,  between  D  £  E  to  D  £  E) ; 
if  the  colour  is  deeper  the  band  is  more  evident,  and  goes  to  D  §  E.  These 
appearances  are  so  characteristic  that  the  colouring  of  malt  in  complex 
mixtures  can  be  discovered  by  them.    In  barley  the  colour  does  not  exist. 

The  carbonised  or  high-dried  malt,  used  to  colour  porters  and  dark 
beers,  contains  at  least  two  colouring-matters  different  from  that  just 
described.  The  one  is  orange-yellow,  soluble  in  water  and  strong  alcohol ; 
it  gives  no  flesh-coloured  precipitate  with  sodic  hypochlorite  and  citric  acid, 
nor  does  it  (like  the  hop  colouring-matters)  darken  by  oxidising  agents ;  it 
is  therefore  probably  a  caramel.  The  other  substance  may  be  separated 
as  follows  : — The  beer  is  evaporated  to  a  small  bulk,  and  precipitated  by 

to  *09  per  cent,  of  raffinose.  Raffinose  is  a  sugar  C18Hj20165H20  ;  it  is  capable  of  fer- 
mentation, does  not  reduce  copper  solution,  and  has  an  optical  «&tvv\taj  ^a\=-  VSSE? 
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constituent  of  the  hop,  and  may  be  obtained  by  distilling  the  fresh  flowers 
or  the  lupulin. 

The  resin  and  bitter  principle  of  the  hop  are  to  the  brewer  the  most 
important  constituents,  its  commercial  value  being  directly  dependent  on 
them.1  According  to  some  analyses  made  by  Mr.  Porter,  the  substances 
capable  of  solution  in  ether  (viz.,  the  oil,  resin,  and  bitter  principle)  vary 
iu  different  samples  from  8*8  to  a  little  over  17  per  cent.2 

Lupulite,  or  true  Lupulin  (a  substance  isolated  by  Lermer  in  1863), 
can  be  obtained  in  rhombic  prisms  by  treating  fresh  hops  with  four  times 
their  weight  of  ether,  distilling  the  ether  off,  then  adding  to  the  extract 
alcohol  of  90  per  cent,  (which  leaves  the  wax  undissolved),  and  again 
taking  up  the  alcoholic  extract  with  ether.  The  ethereal  solution  is 
repeatedly  shaken  with  strong  potash-lye  to  get  rid  of  the  resin,  and  lastly 
with  pure  water  to  take  up  the  bitter  matter.  It  is  precipitated  from  the 
aqueous  solution  by  sulphate  of  copper,  the  composition  of  the  precipitate 
being  C^lI^GuC^ ;  and  crystals  are  obtained  by  dissolving  the  precipitate 
in  ether,  decomposing  with  SHo,  and  evaporating  the  ethereal  filtrate  in  a 
stream  of  carbonic  acid  gas. 

A  principle  very  bitter,  but  not  crystalline,  can  also  be  obtained  by 
adding  to  the  aqueous  extract  of  the  lupulin  grains  a  little  lime,  and  then 
treating  with  alcohol.  The  solution  is  to  be  evaporated,  the  mass  treated 
with  water,  and  the  solution  again  evaporated  to  dryness.  On  washing 
this  residue  with  ether,  a  white  uncrystallisable,  bitter  principle- -soluble 
in  20  parts  of  water,  very  soluble  in  alcohol,  and  but  slightly  so  in  ether — 
is  obtained ;  it  is  probably  a  derivative  of  Lcrmer's  lupulite. 

Lermer's  Lupulite  crystallises  in  glittering,  rhombic,  brittle  prisms, 
tasteless  in  themselves,  but  with  a  very  bitter  flavour,  and  an  acid  reaction 
when  dissolved  in  alcohol.  They  are  insoluble  in  water,  but  dissolve  easily 
in  alcohol,  ether,  chloroform,  bisulphide  of  carbon,  benzole,  and  turpentine ; 
exposed  to  the  air,  they  soon  Income  yellow  and  partly  amorphous. 

Bungener3  has  extracted,  by  means  of  light  petroleum,  a  substance 
forming  colourless,  prismatic  crystals,  melting  at  92°-93°,  insoluble  in 
water,  and  having  the  composition  of  C^H^Og ;  he  has  named  it  lupulic 
acid.  On  treating  tho  ethereal  solution  with  an  aqueous  solution  of  copper 
acetate,  there  is  a  green   crystalline  precipitate  of  copper  lupulate, 

1  Choline,  (CH3)3C.jH4OII,N,OH,  has  been  discovered  in  ho|w,  and  lias  also  been 
separated  from  l>eer,  by  Peter  (Jriess  and  G.  H.  Harrow  (Joum.  Chcm.  Soc.t  No.  eclxx., 
May  1885,  298).  The  method  used  was  to  precipitate  the  concentrated  extract  acidified 
with  hydrochloric  acid,  by  a  sufficient  quantity  of  a  solution  of  iodine  in  hydriodic  acid. 
The  choline  j>eriodide  thus  obtained  is  transformed  into  the  very  soluble  choline  iodide 
by  boiling  with  water  and  filtering.  The  filtered  liquid  is  next  treated  with  silver  oxide, 
and  the  solution  is  filtered  and  evaporated.  To  purify  it  further,  it  should  be  converted 
into  the  aurichloride,  this  latter  comnound  decomposed  by  SH2,  and  decomposing  the 
choline  chloride  by  silver  oxide.  The  base  freed  from  water  by  eva|>oration  forms  a  thick 
alkaline  syrup,  which  solidifies  in  the  desiccator  to  an  extremely  hygroscopic,  friable, 
crystalline  mass ;  it  quickly  absorbs  carbonic  anhydride,  has  a  caustic  ana  somewhat 
bitter  taste,  is  quite  odourless,  and  is  decomjx>sed  at  a  high  temi>crature  with  formation 
of  trimethylamine.  Choline  chloride  is  also  extremely  deliquescent,  and  yields  a 
characteristic  platino- chloride,  almost  insoluble  in  alcohol,  but  very  soluble  even  in  cold 
water,  crystallising  out  in  fine  orange  tables.  The  chloride  is  also  precipitated  by  gold 
chloride,  the  precipitate  is  yellow,  easily  soluble  in  boiling  water  ana  alcohol,  and 
crystallising  from  these  liquids  in  small  needles  or  prisms  ;  the  formula  for  the  gold  salt 
is  (CH3).,C.JH4OHNClAuCl3— it  therefore  contains  44*48  |>er  cent,  of  gold. 

8  14  On  the  Examination  of  Hops,"  by  W.  E.  Porter,  F.C.S.  Analyst,  August,  1877  ; 
January,  1878. 

3  Bull.  Soc.  Chim.t  xlv.,  487-496. 
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C^HggOgCu.  Lupulic  acid  reduces  ammoniacal  silver  solutions,  and  is 
oxidised  by  exposure  to  the  air  to  a  bitter  resin  soluble  in  water.  There 
is  also  in  hops  a  narcotic  alkaloid  (hopeine)  very  similar  in  its  effects  to 
morphine ;  its  composition  is  C^H^NC^  +  H20 ;  it  dissolves  readily  in 
alcohol,  but  is  sparingly  soluble  in  water. 

M.  Issleib  has  made  an  examination  of  the  bitter  principles  of  the  hop. 
His  method  of  separation  was  to  extract  with  cold  water,  and  then  to  treat 
the  cold  extract  with  animal  charcoal,  exhausting  the  latter  after  drying 
with  90  per  cent,  alcohol.  This  gave  a  yellow  solution,  from  which  a 
brown  resin  was  precipitated  on  concentration,  leaving  in  solution  the 
bitter  principle  and  another  substance  (C).  The  bitter  may  be  removed 
by  ether,  and  is  pale  yellow,  amorphous,  non -nitrogenous,  and  slightly 
acid,  and  is  dissolved  by  alkalies  with  the  production  of  a  fine  yellow 
colour.  He  ascribes  to  it  the  composition  of  C^H^O^,  and  states  that  it 
splits  up  under  the  influence  of  sulphuric  acid,  thus — 

Bitter  Principle.  Lupuliretin.  Lupulic  Acid. 

2C»H«p,o     +     3H*°     =      CioHw04      +  CjoHgA, 

The  resin  has  the  composition  of  C10H24O31,  and  is  presumed  to  be 
formed  by  the  oxidation  of  oil  of  hops ;  lastly,  the  substance  C  is  considered 
to  be  an  oxidation  product  of  the  oil  of  hops,  and  has  the  composition  of 
C10H18O6.1  It  is  probable  that  these  substances  are  Bungener's  lupulic 
acid. 

Oil  of  Hops,  according  to  the  researches  of  Wagner,  consists  chiefly  of 
an  oxygen-holding  oil,  O10H18O,  containing  in  solution  a  camphor  boiling  at 
175°.  The  specific  gravity  of  the  oil  itself  is  0*968.  It  begins  to  boil  at 
125°,  and  successive  portions  can  be  separated  by  fractional  distillation, 
the  last  passing  over  at  235° ;  one-sixth  distils  over  between  125°  and  175°, 
and  is  of  a  pale  colour  and  quite  clear ;  about  half  passes  over  between 
175°  and  225°,  and  is  also  very  clear;  but  the  remainder  is  yellow,  and 
the  residue  in  the  retort  has  the  appearance  of  a  brown  turpentine. 

The  crude  oil  is  brownish-yellow,  and  very  sparingly  soluble  in  water, 
one  part  requiring  more  than  600  times  its  weight  for  complete  solution. 
It  does  not  contain  sulphur,  as  previously  asserted  by  Pay  en  and  Chevallier, 
nor  does  it  reduce  ammoniacal  solution  of  silver.  Oxidation  by  nitric  acid 
produces  valerianic  acid  and  a  yellow  acid  resin ;  if  dropped  on  melted 
caustic  potash,  valerianate,  carbonate  of  potash,  and  a  hydrocarbon  are 
the  results.  The  oil  appears  to  be  neither  narcotic  nor  poisonous,  twenty 
drops  having  had  no  action  whatever  on  a  kitten  ( W.  Keil) ;  but  the 
wonderful  preservative  properties  ascribed  to  it  by  older  writers  are  very 
problematical. 

The  ash  of  the  hop  differs  but  little  from  the  ashes  of  foliar  organs 
generally,  the  relative  proportion  of  each  constituent  varying  within  some- 
what wide  limits,  according  to  the  particular  variety.    (See  Table  XLV.) 

A  few  other  bitter  principles,  some  of  which  have  actually  been*  found, 
and  the  remainder  are  supposed  to  exist,  may  be  now  conveniently 
described.  (For  Picrotoxin  and  Colchicine  the  reader  is  referred  to  the 
work  on  *  Poisons,'  by  A.  Wynter  Blyth.) 

§  298.  Absinthin,  C^HggOgHO. — The  bitter  principle  of  wormwood, 
Artemisia  absinthium.  It  may  be  extracted  from  the  hot  aqueous  extract 
of  wormwood  by  precipitation  with  tannic  acid,  evaporating  the  tannate  to 

1  Arch.  Pharmu  [3],  xxi.,  345-363  ;  Journ.  Chem.  Soc.,  March,  1881. 
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dryness  with  oxide  of  lead,  and  extracting  the  dried  residue  by  alcohol,  and 
subsequent  purification  with  animal  charcoal.  Absinthin  dissolves  easily 
in  alcohol  and  ether,  with  difficulty  in  hot  water,  and  is  scarcely  soluble  in 
cold.  When  obtained  from  alcoholic  solution  it  is  usually  in  the  form  of 
pale-yellow  drops,  which  gradually  become  crystalline ;  it  has  a  peculiar 
odour  and  extremely  bitter  taste,  and  its  reaction  is  neutral.  It  reduces 
a  hot  ammoniacal  solution  of  silver  nitrate,  but  an  alkaline  tartrate  of 
copper  solution  remains  unchanged  by  it.  It  is  dissolved  by  caustic  potash 
with  the  production  of  a  brown  colour.  Concentrated  sulphuric  acid 
produces  first  a  brown  colour,  passing  into  a  green -blue ;  as  water  is  added, 
the  colour  becomes  darker,  until  grey  flocculent  particles  are  separated. 
Boiling  with  dilute  acids  produces  resinous  products,  but  no  sugar. 

TABLE  XLV.— Constituents  of  thk  Ash  of  Hop  Conks. 


Potash, 

Soda,  . 

Lime,  . 

Magnesia,  . 

Alumina, 

Ferric  oxide, 

Sulphuric  acid,  . 

Chlorine, 

Silica,  . 

Carbonic  acid, 

Phosphoric  acid,  . 

Chloride  of  potassium, 

„  sodium, 
Charcoal  and  loss, 


Ash  per  cent  of  dry  hops, 
fresh  „ 


way  and  oostoh. 


E.  WATT8 


Beiitley 

Goldliig 

Grape 

Grape 

Variety. 

Variety. 

Variety. 

Variety. 

11-98 

24*88 

25*66 

19*41 

070 

17-93 

21V59 

18-47 

14-15 

5-94 

4  69 

5-27 

5*34 

1-18 

1V86 

175 

1V41 

271 

7*01 

7*27 

11-68 

8-28 

2  26 

22V97 

1971 

9V99 

17*88 

5-44 

2-17 

4*54 

11-01 

21-38 

14-47 

17-58 

*  14*64 

5-45 

4*34 

3V42 

0*12 

.1  i:" 

99*96 

99*95 

98*96 

\  100-00 

8-07 

6'95 

7*21 

7*27 

5-22 

6-22 

6-5 

The  bitter  principle,  according  to  some  observers,  is  a  direct  cerebral 
excitant;  according  to  others,  a  pure  tonic.  It  is  used  occasionally  in 
medicine,  in  doses  from  \  grain  to  2  grains,  and  the  herb  producing  it  is 
officinal  in  the  Continental  pharmacopoeias. 

§  299.  Aloin— C10H1?O7  (Tildbn),  C17H1807  (Stenhousb),  Cl5H10O7  (E. 
Schmidt) — may  be  obtained  by  treating  aloes  with  dilute  sulphuric  acid, 
removing  the  deposit  of  resin,  and  evaporating  to  a  syrup.  The  crystals 
thus  obtained  are  yellow  needles,  soluble  in  water  and  alcohol,  and  possess- 
ing a  bitter  taste.  The  amount  of  crystallisation  water  varies  from  5 '89 
to  14*29  per  cent. ;  if  anhydrous,  the  melting  point  of  the  crystals  is  from 
70°  to  80  [146°  to  148°  F.l;  if  hydrous,  sulphuric  acid  colours  it  first  red, 
then  orange,  and  it  is  dissolved  by  caustic  potash  with  the  production  of 
a  purple-red  colour.  The  action  of  nitric  acid  produces  chrysammic,  picric, 
and  oxalic  acids,  with  the  addition  of  carbonic  anhydride  ;  that  of  zinc 
dust,  methylanthracene  and  anthraquinone. 

§  300.  Cnicin,  C42H50O16,  was  discovered  by  Nativelle  in  the  leaves  of 
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the  Gnicvs  benedictm ;  it  is  found  also  in  the  Centaurea  ealcitrapa,  and  in 
other  composite  plants.  It  forms  transparent  silky  crystals,  neutral,  with- 
out smell,  of  very  bitter  taste,  melting  at  a  high  temperature,  but  not 
subliming.  Its  solution  turns  the  plane  of  polarisation  to  the  right  [a]  r 
=  130°68.  It  is  scarcely  soluble  in  cold  water,  more  so  in  boiling,  soluble 
in  all  proportions  in  alcohol  and  wood  spirit,  almost  insoluble  in  ether. 
Cold  sulphuric  acid  gives  with  cnicin  a  red  solution,  becoming  violet  on 
the  addition  of  water,  and  yellow  on  the  addition  of  ammonia.  Cold 
concentrated  hydrochloric  acid  dissolves  it  with  the  production  of  a  green 
colour ;  on  heating,  brown  drops  separate,  which  solidify  into  a  yellow 
resin. 

§  301.  Daphnin,  C16H1OO0+2H2O,  a  crystalline  principle  discovered  by 
Vauquelin,  1817,  in  the  bark  of  the  Daphne  alpina,  L.,  and  D.  mezereum, 
L.  It  forms  long  rectangular  prisms,  or  fine  needles,  and  crystallises  with 
two  atoms  of  water.  Its* reaction  is  neutral,  its  taste  bitter.  When 
anhydrous  it  melts  at  about  200°  to  a  colourless  fluid,  which  again  becomes 
crystalline  on  cooling ;  if  the  heat  is  continued,  it  sublimes  as  3  :  4  dioxy- 
cumarin  (daphnetin).  This  substance  presents  itself  in  fine,  colourless, 
rhombic  prisms,  melting  at  255° ;  it  has  a  bitter  taste,  with  a  weak  acid 
reaction,  and  is  easily  soluble  in  boiling  water,  with  the  production  of  a 
yellow  colour  ;  it  dissolves  also  in  boiling  alcohol,  but  is  very  little  soluble 
in  ether. 

Daphnin  dissolves  slightly  in  cold  water,  easily  in  hot ;  it  is  also  very 
soluble  in  hot  alcohol,  but  is  not  dissolved  at  all  by  ether.  In  solutions  of 
the  caustic  and  the  carbonated  alkalies  it  dissolves  with  the  production  of 
a  yellow  colour,  and  is  also  easily  soluble  in  acetic  acid.  On  boiling  with 
a  dilute  acid,  daphnin  breaks  up  into  daphnetin  and  sugar,  and  emulsin 
and  fermentation  with  yeast  have  a  similar  effect.  An  aqueous  solution  of 
chloride  of  iron  produces,  when  cold,  a  blue  colour,  and  if  the  liquid  is 
boiled,  a  dark  yellow  precipitate.    Citric  acid  colours  it  red. 

§  302.  Gentianin,  C14H10O5,  discovered  by  Henry  and  Caventou  in  1821, 
but  first  prepared  pure  by  Trommsdorff,  is  found,  like  gentiopicrin.  in  the  root 
of  the  Gentiana  lutea,  L.  It  forms  long,  pale  yellow,  silky  needles,  without 
smell  or  taste,  which  may  be  sublimed  above  300°  without  decomposition. 
Its  solubility,  according  to  Leconte,  is  as  follows : — 1  part  requires  of  cold 
water  5000  parts,  of  boiling  3850  parts  ;  of  cold  absolute  alcohol  455  parts, 
of  boiling  62*5  parts ;  of  cold  ether  2000  parts,  for  solution.  Concentrated 
sulphuric  acid  dissolves  it  with  a  yellow  colour ;  on  dilution  with  water  it 
separates  unchanged ;  on  being  boiled  with  dilute  sulphuric  acid  there  is 
no  change.  If  treated  with  pure  nitric  acid  (1*43  specific  gravity)  a  dark- 
green  solution  is  obtained,  and  on  adding  water  carefully  dinitro  gentianin, 
C14H8(N02)205+H20  separates  out  as  a  green  powder.  If  similarly  treated 
with  strong  nitric  acid,  and  subsequent  addition  of  water  to  the  solution, 
yellow  microscopical  prisms  are  separated,  probably  trinitro-gentianin. 
Gentianin  reduces  nitrate  of  silver. 

§  303.  Gentiopicrin,  C20H80O12,  first  prepared  pure  by  Kromayer  in 
1862,  is  a  glucoside  found  in  the  fresh  root  of  the  Gentiana  lutea,  crystal- 
lising in  colourless  needles,  with  one  molecule  of  water  of  crystallisation. 
The  crystals  effloresce  in  the  air,  and  lose  their  transparency,  becoming 
white  and  opaque.  The  anhydrous  crystals  melt  between  120°  and  125°  to 
a  brown  fluid,  which  coagulates  amorphously,  and  at  higher  temperatures 
is  fully  destroyed.  Water  dissolves  it  easily,  but  it  is  insoluble  in  absolute 
alcohol  and  in  ether,  though,  on  the  other  hand,  weak  alcohol  is  an  excellent 
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solvent  for  it.  One  of  the  best  tests  for  its  presence  is  the  action  of  con- 
centrated sulphuric  acid,  giving  in  the  cold  a  colourless  solution,  but 
producing  with  slight  warming  a  carmiue-red  colour,  and  precipitating  on 
the  addition  of  water  in  grey  flocks.  It  reduces  an  aramoniaoal  solution  of 
silver  nitrate,  and  on  boiling  with  dilute  sulphuric  acid  splits  up  into  sugar 
and  gentiogenin. 

Gentiogenin,  C14H1606,  is  an  amorphous,  yellow-brown  powder,  of  neutral 
reaction  and  bitter  taste,  not  easily  soluble  in  cold  water,  but  dissolving 
readily  in  alcohol  and  ether. 

§  304.  Menyanthin,  CgQH4604,  a  glucoside  obtained  pure  by  Ludwig  and 
Kromayer  in  1861  from  the  Menyantkes  trifoficUa,  L.  As  hitherto 
prepared,  menyanthin  is  an  amorphous,  terebinth  inate  mass,  becoming 
slowly  solid  on  drying  over  sulphuric  acid.  It  has  a  neutral  reaction, 
and  its  taste  is  strongly  and  purely  bitter.  It^  softens  at  60°  to  65°,  and 
melts  at  100°  to  115°  to  a  thin,  clear  fluid,  which  again  solidifies  to  a  hard 
transparent  mass ;  by  stronger  heating  it  is  entirely  destroyed.  Concen- 
trated sulphuric  acid  gives  with  it  a  yellow-brown  colour,  which  on  standing 
becomes  violet-red,  and  grey  flocks  are  separated  on  the  addition  of  water. 
By  heating  with  dilute  sulphuric  acid  it  splits  up  into  sugar  and 
menyanthol. 

Menyanthol  is  an  oil  having  an  acid  reaction,  and  an  odour  like  that  of 
oil  of  almonds ;  it  is  changed  by  the  air  (as  well  as  by  melting  with  potash) 
into  a  crystalline  acid  capable  of  being  sublimed. 

§  305.  Quassiin,  C^H^O^  a  bitter  principle,  discovered  in  1835  by 
Winckler,  in  the  bark  of  the  Quas&ia  amara,  L.,  and  Picrama  excelsa,  L.  It 
forms  white,  opaque,  glittering  crystals,  without  odour,  and  of  extremely 
bitter  taste.  On  heating,  it  melts  and  solidifies  as  a  transparent  yellow 
mass ;  at  decomposition  temperatures  it  burns  like  resin,  if  exposed  to  the 
air.  Tannic  acid  precipitates  it  from  an  alcoholic  solution  in  thick,  white 
flocks ;  cold  concentrated  sulphuric  acid  dissolves  it,  without  the  production 
of  colour ;  and  on  dilution  with  water  it  is  apparently  precipitated  without 
change. 

§  306.  The  Ash  of  Beer. — The  ash  of  beer  contains  the  mineral  con- 
stituents that  previously  existed  partly  in  the  water,  partly  in  the  hop,  and 
partly  in  the  malt  used.  It  would  appear  that  the  ferric  oxide,  a  certain 
proportion  of  phosphoric  acid,  a  small  portion  of  the  lime  and  magnesia, 
with  a  great  part  of  the  silica,  remain  undissolved,  and  do  not  pass  into 
the  beer ;  the  rest  are  dissolved. 

The  following  table  gives  the  average  composition  of  the  beer  ash  of 
commerce : — 

Be«r  Aih. 


Potash   37-22 

Soda   8-04 

Lime,   1*93 

Magnesia,   5  '51 

Iron  oxide,   traces 

Sulphuric  acid,   1  '44 

Phosphoric  acid,   32  09 

Chlorine,   2*91 

Silica,   10-82 


Table  XLVI.  may  be  also  useful,  showing  analyses  of  ash  by  Walz  and 
Dickson  ("  Dictionary  of  Chemistry,  Arts,  and  Manufactures,"  edited  by 
Vincent). 
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§  307.  Analysis  of  Beer. — The  ordinary  full  analysis  of  beer  determines — 

(1.)  The  alcohol. 

(2.)  The  carbonic  acid. 

(3.)  The  volatile  and  fixed  acids. 

(4.)  The  percentage  of  malt  extract,  and,  if  necessary,  its  composition. 
(5.)  The  hop  resin  and  glycerin. 
(6.)  The  nature  of  the  bitter  used. 

(7.)  The  general  composition  of  the  ash,  and  especially  the  amount  of 
chlorine. 

(1.)  The  alcohol  is  found  most  accurately  by  the  distillation  process 
described  at  p.  387,  but  it  is  often  determined  in  the  following  manner : — 
Shake  up  the  beer  in  a  flask,  so  as  to  deprive  it  of  as  much  carbonic  acid 


TABLE  XLVL—  Ash  of  Beers. 


London 
Beer. 

Munich 
Beer. 

Speyer 
Beer. 

Scotch  Ale, 
14  Samples. 

Scotch 
Porter, 
2  Samples. 

Dublin 
Porter, 
2  Samples. 

London 
Porter, 
6  Samples. 

Potash,  .  . 
Soda, .  .  . 
Lime,  .  . 
Magnesia,  . 
Sulphuric  \ 

acid,  .  j 
Chlorine,  . 
Silica,  .  . 
Phosphoric  j 

acid,  •  i 

38  35 
7*68 
245 
3*78 

1-  36 

2-  75 
9*87 

3376 

36*58 
9-83 
1-48 
5'64 

1-68 

3-14 
9-96 

31*69 

37  68 
6*50 
2-98 
4*66 

256 

214 
10*29 

33  19 

3-  2-29-8 
20-9-38-5 

02-  20 

0-  1-  5-6 

1-  6-19-2 

4-  3-18-25 
4-6-191 

6  0 -257 

18-9-20-9 
338-38-8 

1-  8-  1*6 
0-2-  1-4 

2-  2-  6-4 

7-4-11-4 
13-3-18-6 

12-2-18-8 

21-4-32-0 
24  0-42-7 
0-8-  1-5 
0-2-  12 

2-8 -10i 

6*9-10-1 
6-9-19-7 

7*9 -200 

4*9  -31-1 
21*8  -50-8 
0*8  -  6-9 

0-  1  -  1-2 

1-  6  -12  2 

6-5  -14  5 
8-25-197 

9*3  -20  6 

10000 

10000 

100  00 

as  possible,  then  take  the  specific  gravity  at  15°*5,  and  boil  a  third  of  the 
beer  away  in  an  open  beaker.  Make  up  the  boiled  beer  to  exactly  the 
original  quality  again,  take  the  specific  gravity,  and  calculate  as  described 
at  p.  387. 

(2.)  The  carbonic  acid  which  the  beer  holds  dissolved  is  most  readily 
estimated  by  placing  100  c.c.  (or  any  convenient  quantity)  in  a  flask  in 
connection  with  a  mercury  pump ;  collecting  the  gases,  and  estimating  the 
carbon  dioxide  in  the  usual  way  by  absorbing  it  by  caustic  potash,  and 
measuring  the  volume  of  gas  before  and  after  absorption.  Another  method 
is  as  follows : — A  flask  provided  with  a  caoutchouc  stopper,  and  carrying  a 
tube  twice  bent  at  right  angles,  is  connected  with  a  smaller  flask,  containing 
strong  ammonia  water  free  from  C02  into  which  the  tube  dips.  This 
second  flask  must  also  carry  a  caoutchouc  stopper,  which  should  be  doubly 
perforated,  the  one  hole  for  the  tube  already  mentioned,  the  other  provided 
with  a  short,  wide  tube,  packed  with  glass  wool  moistened  with  ammonia 
water.  The  beer  must  first  be  gently  warmed  and  ultimately  boiled,  when 
the  whole  of  the  carbonic  acid  is  absorbed  by  the  ammonia.  A  sufficient 
quantity  of  a  solution  of  calcium  chloride  is  now  added,  the  liquid  boiled 
until  all  free  ammonia  is  expelled,  and  the  calcium  carbonate  thrown  on  a 
filter  and  washed.  Lastly,  the  washed  calcium  carbonate  is  dissolved  in 
either  standard  or  decinormal  acid,  according  to  the  quantity,  a  little  cochi- 
neal  solution  is  added,  and  the  acid  titrated  back.    2  c.c.  of  decinormal 
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acid  equal  10  mgrms.  of  carbonate  of  lime,  or  4'4  mgrms.  of  C02.  This 
simple  process  is  applicable  to  all  liquids  from  which  carbonic  anhydride 
can  be  expelled  by  boiling. 

(3.)  Volatile  and  Fixed  Acids. — The  acetic  acid  is  obtained  by  distilling 
the  beer  nearly  to  dryness,  and  estimating  the  acidity  of  the  distillate  by 
decinormal  solution  of  soda.  Should  the  residue  in  the  flask  or  retort  be 
still  acid,  a  little  water  should  be  added,  and  the  distillation  again  continued 
to  dryness ;  any  acid  now  remaining  is  certain  to  be  a  fixed  acid,  probably 
lactic.  It  may  be  estimated  by  titration,  and  returned  as  lactic.  The 
equivalent  of  anhydrous  lactic  acid  is  90;  hence  1  c.c.  of  d.  n.  soda =9 
mgrms.  of  lactic  acid.  Should  it  be  specially  necessary  to  determine  the 
percentage  of  lactic  acid  a  sufficient  quantity  of  beer — say  300  c.c. — is 
taken,  evaporated  to  a  small  bulk,  diluted  with  water,  filtered,  and  mixed 
with  a  little  sulphuric  acid ;  pure  carbonate  of  baryta  is  now  added,  and 
the  whole  warmed  on  the  water-bath  for  some  time.  The  liquid  is  theu 
freed  from  the  precipitate  of  sulphate  of  baryta  by  filtration,  and  the  pre- 
cipitate well  washed  with  hot  water.  This  filtrate  is  evaporated  to  a  syrup, 
and  treated,  when  cold,  in  a  tube  or  separating-funnel  with  a  mixture  of 
one  part  of  sulphuric  acid,  one  of  water,  one  of  alcohol,  and  ten  of  ether ; 
the  ethereal  layer  is  separated  in  the  usual  way,  and  evaporated.  The 
lactic  acid  thus  obtained  is  still  impure,  and  it  is  best  to  dissolve  in  water, 
saturate  with  freshly-precipitated  carbonate  of  zinc,  and  estimate  as  zinc 
lactate,  the  latter  containing  54*49  per  cent,  of  anhydrous  lactic  acid.  In 
most  cases,  however,  the  error  will  not  be  great,  if  the  total  acidity  of  the 
beer  is  taken  directly  without  distillation,  and  returned  as  acetic  acid. 

(4.)  The  Malt  Extract — The  extract  of  beer  can  be  determined  by 
evaporating  down  a  carefully  measured  quantity,  and  weighing  the  dry 
residue.  In  order  to  do  this  with  any  approach  to  accuracy,  the  smallest 
possible  quantity  should  be  taken — 5  c.c.  or  5  grms.  is  quite  sufficient. 
This  small  quantity,  spread  out  as  a  thin  film  on  the  bottom  of  a  tolerably 
capacious  platinum  dish,  can  be  thoroughly  dried  over  the  water-bath  in 
two  or  three  hours,  while  if  such  quantities  as  25  c.c,  50  c.c,  or  100  c.c. 
are  taken,  to  get  the  extract  completely  dry  is  very  tedious,  and  usually 
requires  a  higher  temperature  than  100°.  It  is,  however,  found  in  practice 
much  more  convenient  to  dispense  with  this  drying  altogether,  the  alcohol 
and  carbonic  acid  being  driven  off,  as  before  described,  the  beer  made  up  to 
its  first  bulk,  the  specific  gravity  taken,  and  the  amount  of  malt  extract 
determined  by  the  aid  of  the  following  tables.  If  the  beer  has  been  distilled, 
the  residue  in  the  retort  or  flask  can  be  made  up  to  the  original  bulk, 
brought  to  the  proper  temperature,  and  treated  as  just  described. 

The  alcoholic  strength,  the  acetic  acid,  and  the  amount  of  malt  extract 
being  known,  the  analyst  can  now  give  a  fairly  approximate  estimate  of 
the  amount  of  malt  originally  used  in  the  brewing  of  the  beer.  To  do  this 
it  is  necessary  to  calculate  the  1  original  gravity '  of  the  beer.  The  specific 
gravity  of  the  alcoholic  distillate  (or,  if  an  indirect  process  has  been  used, 
the  specific  gravity  of  the  alcoholic  strength)  subtracted  from  1000,  gives 
a  number  called  the  Spirit  indication.'  The  degrees  of  gravity  lost  are 
then  ascertained  by  the  aid  of  the  following  tables,  using  the  first  if  the 
beer  has  been  distilled,  and  the  second  if  the  evaporating  process  has  been 
used.  The  degrees  of  gravity  thus  found  are  added  to  the  specific  gravity 
of  the  boiled  beer,  and  the  number  thus  obtained  is  called  'the  original 
gravity  of  the  wort.'  Ou  reference  to  Table  XL VII.,  the  amount  of  malt 
•extract  is  determined,  which  corresponds  to  this  original  gravity. 
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TABLE  XLVII. — Specific  Gravity  and  Strength  of  Malt  Extract. 


Specific 
Clarity. 

Malt 
Extract. 

Per  cent* 

Specific 
Grarity. 

Malt 
Extract. 
Per  cent. 

Specific 
G  rarity. 

Malt 
Extract. 
Per  cent. 

Specific 
Grarity. 

Malt 
Extract. 

Per  cent. 

1,0000 

0,000 

1,0057 

1,425 

1,0114 

2,850 

1,0171 

4,275 

1,0001 

025 

58 

450 

115 

875 

172 

300 

2 

050 

59 

475 

116 

900 

173 

325 

3 

075 

1,0060 

500 

117 

925 

174 

350 

4 

100 

61 

525 

118 

950 

175 

375 

5 

125 

62 

550 

119 

975 

176 

400 

6 

150 

63 

575 

1,0120 

3,000 

177 

425 

7 

175 

64 

600 

121 

025 

178 

450 

8 

200 

65 

625 

122 

050 

179 

475 

9 

225 

66 

650 

123 

075 

1,0180 

500 

1,0010 

250 

67 

675 

124 

100 

181 

525 

11 

275 

68 

700 

125 

125 

182 

550 

12 

300 

69 

725 

126 

150 

183 

575 

13 

325 

1,0070 

750 

127 

175 

184 

600 

14 

350 

71 

775 

128 

200 

185 

625 

15 

375 

72 

800 

129 

225 

186 

650 

16 

400 

73 

825 

1,0130 

250 

187 

675 

17 

425 

74 

850 

131 

275 

188 

700 

18 

450 

75 

875 

132 

300 

189 

725 

19 

475 

76 

900 

133 

325 

1,0190 

750 

1,0020 

500 

77 

925 

134 

350 

191 

775 

21 

525 

78 

950 

135 

375 

192 

800 

22 

550 

79 

975 

136 

400 

193 

825 

23 

575 

1,0080 

2,000 

137 

425 

194 

850 

24 

600 

81 

025 

138 

450 

195 

875 

25 

625 

82 

050 

139 

475 

196 

900 

26 

650 

83 

075 

1,0140 

500 

197 

925 

27 

675 

84 

100 

141 

525 

198 

950 

28 

700 

85 

125 

142 

550 

199 

975 

29 

725 

86 

150 

143 

575 

1,0200 

5,000 

1,0030 

750 

87 

175 

144 

600 

201 

025 

31 

775 

88 

200 

145 

625 

202 

050 

32 

800 

89 

225 

146 

650 

203 

075 

83 

825 

1,0090 

250 

147 

675 

204 

100 

34 

850 

91 

275 

148 

700 

205 

125 

35 

875 

92 

300 

149 

725 

206 

150 

36 

900 

93 

325 

1,0150 

750 

207 

175 

37 

925 

94 

350 

151 

775 

208 

200 

38 

950 

95 

375 

152 

800 

209 

225 

39 

975 

96 

400 

153 

825 

1,0210 

250 

1,0040 

1,000 

97 

425 

154 

850 

211 

275 

41 

025 

98 

450 

155 

875 

212 

300 

42 

050 

99 

475 

156 

900 

213 

325 

48 

075 

1,0100 

500 

157 

925 

214 

350 

44 

100 

101 

525 

158 

950 

215 

375 

45 

125 

102 

550 

159 

975 

216 

400 

46 

150 

103 

575 

1,0160 

4,000 

217 

425 

47 

175 

104 

600 

161 

025 

218 

450 

48 

200 

105 

625 

162 

050 

219 

475 

49 

225 

106 

650 

168 

075 

1,0220 

500 

1,0050 

250 

107 

675 

164 

100 

221 

525 

51 

275 

108 

700 

165 

125 

222 

550 

52 

300 

109 

725 

166 

150 

223 

575 

53 

325 

1,0110 

750 

167 

175 

224 

600 

54 

350 

111 

775 

168 

200 

225 

625 

55 

875 

112 

800 

169 

225 

226 

650 

56 

i 

400 

118 

825 

1,0170 

250 

227 

675 
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TABLE  XLVIL— continued. 


Gravity. 

Malt 
Extract. 
Per  cent. 

Gravity. 

Malt 
Extract. 
Per  cent. 

Gravity. 

Malt 
Extract. 
Per  cent. 

Snarl  fln 

Gravity. 

Malt 
Extract. 
Per  cent. 

1,0228 

5,700 

1,0286 

7,122 

1,0344 

8,536 

1,0402 

9,950 

229 

725 

287 

146 

345 

560 

403 

975 

1,0280 

760 

288 

170 

346 

584 

404 

10,000 

231 

776 

289 

195 

347 

609 

405 

028 

232 

800 

1,0290 

219 

348 

633 

406 

047 

233 

825 

291 

244 

349 

657 

407 

071 

234 

850 

292 

268 

1,0350 

681 

408 

095 

235 

875 

293 

292 

351 

706 

409 

119 

236 

900 

294 

316 

352 

731 

1,0410 

142 

237 

925 

295 

341 

353 

756 

411 

166 

238 

960 

296 

365 

354 

780 

412 

190 

239 

975 

297 

389 

355 

804 

413 

214 

1,0240 

6,000 

298 

413 

356 

028 

414 

238 

241 

024 

299 

438 

357 

853 

415 

261 

242 

048 

1,0300 

463 

358 

877 

416 

285 

243 

073 

301 

488 

359 

901 

417 

309 

244 

097 

302 

512 

1,0360 

925 

418 

333 

245 

122 

303 

536 

361 

950 

419 

357 

246 

146 

304 

560 

362 

975 

1,0420 

381 

247 

170 

305 

584 

363 

9,000 

421 

404 

248 

195 

306 

609 

364 

024 

422 

428 

249 

219 

307 

633 

365 

048 

423 

452 

1,0250 

244 

308 

657 

366 

073 

424 

476 

251 

268 

309 

681 

367 

097 

425 

500 

252 

292 

1,0310 

706 

368 

122 

426 

528 

253 

316 

311 

731 

369 

146 

427 

547 

254 

341 

312 

756 

1,0370 

170 

428 

671 

255 

365 

313 

780 

371 

195 

429 

595 

256 

389 

314 

804 

372 

219 

1,0430 

619 

257 

413 

315 

828 

373 

244 

431 

642 

258 

438 

316 

853 

374 

268 

432 

666 

259 

463 

317 

877 

375 

292 

433 

690 

1,0260 

488 

318 

901 

376 

316 

434 

714 

261 

512 

319 

925 

377 

341 

435 

738 

262 

536 

1,0320 

950 

378 

365 

436 

761 

263 

560 

321 

975 

379 

389 

437 

785 

264 

584 

322 

8,000 

1,0380 

413 

438 

809 

265 

609 

323 

024 

381 

438 

439 

833 

266 

633 

324 

048 

382 

463 

1,0440 

857 

267 

657 

325 

073 

383 

488 

441 

881 

268 

681 

326 

097 

384 

512 

442 

904 

269 

706 

327 

122 

385 

536 

443 

928 

1,0270 

731 

328 

146 

386 

560 

444 

952 

271 

756 

329 

170 

387 

584 

445 

976 

272 

780 

1,0330 

195 

388 

609 

446 

11,000 

273 

804 

331 

219 

389 

633 

447 

023 

274 

828 

332 

244 

1,0390 

657 

448 

047 

275 

853 

333 

260 

391 

681 

449 

071 

276 

877 

334 

292 

392 

706 

1,0450 

095 

277 

901 

335 

316 

393 

731 

451 

119 

278 

925 

336 

341 

394 

756 

452 

142 

279 

950 

337 

365 

395 

780 

453 

166 

1,0280 

975 

338 

389 

396 

804 

454 

190 

281 

7,000 

339 

413 

397 

828 

455 

214 

282 

024 

1,0340 

438 

398 

853 

456 

238 

283 

048 

341 

463 

399 

877 

457 

261 

284 

073 

342 

488 

1,0400 

901 

458 

285 

285 

097 

343 

512 

401 

925 

459 

309 

X 
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TABLE  XLVII.— continued. 


Specific 
Gravity. 

Malt 
Extract. 
Per  cent 

Specific 
uraviiy. 

Malt 
Extract. 
Per  cent. 

Specific 
Gravity. 

Malt 
Extract 
Per  cent. 

Specific 
Gravity. 

Malt 
Extract. 
Per  cent. 

1,0692 
698 

16,814 

1,0700 

17,000 

1,0707 

17,158 

1,0714 

17,318 

837 

701 

022 

708 

181 

715 

840 

694 

860 

702 

045 

709 

204 

716 

363 

695 

888 

703 

067 

1,0710 

227 

717 

386 

696 

907 

704 

090 

711 

250 

718 

409 

697 

980 

705 

118 

712 

272 

719 

431 

698 

953 

700 

136 

718 

295 

1,0720 

17,454 

699 

976 

TABLE  XL  VI 1 1.— For  Use  if  the  Distillation  Process  has  been  Used. 


Degrees  of 

Spirit 

0 

1 

2 

•8 

•5 

•6 

•7 

8 

•9 

Indication. 

0 

o-o 

03 

0-6 

0'9 

1-2 

15 

1*8 

2*1 

2*4 

27 

1 

3*0 

3  3 

37 

4*1 

4'4 

4-8 

5-1 

5*5 

5  9 

6*2 

2 

6'6 

7*0 

7-4 

7-8 

8*2 

8-6 

9'0 

9*4 

9*8 

10-2 

3 

107 

111 

11-5 

12-0 

12*4 

12*9 

13*3 

13*8 

14*2 

147 

4 

151 

15-5 

16*0 

16  4 

16*8 

17-3 

177 

18*2 

18*6 

19*1 

5 

U)*5 

19*9 

20*4 

20  9 

21*8 

il-8 

22*2 

227 

231 

23*6 

6 

24-1 

24*6 

25-0 

25'5 

26  0 

26*4 

26*9 

27*4 

27*8 

28*3 

7 

28-8 

29*2 

297 

30*2 

307 

31*2 

317 

32  2 

32*7 

38*2 

8 

337 

34*3 

34 '8 

35  4 

35*9 

36*5 

37-0 

37*5 

38*0 

38*6 

9 

39*1 

39-7 

40*2 

407 

41-2 

417 

42*2 

427 

48'2 

437 

10 

44*2 

447 

45-1 

45*6 

46*0 

46'5 

47*0 

47*5 

48*0 

48*5 

11 

49*0 

49*6 

50-1 

50-6 

51*2 

517 

52-2 

527 

53'3 

53*8 

12 

54*3 

54  9 

55'4 

55*9 

56*4 

56*9 

57*4 

57*9 

58*4 

58*9 

13 

59*6 

60'0 

60-5 

61*1 

61'6 

62-2 

627 

63  3 

63*8 

64*3 

14 

64-8 

65*4 

65*9 

66*5 

67-1 

67*6 

68*2 

687 

69*3 

69*9 

15 

70*5 

... 

... 

TABLE  XLIX.— For  Usk  if  the  Evaporation  Procrss  is  Adopted. 


Degrees  of 

•5 

•6 

•7 

8 

•9 

Spirit 

0 

1 

•2 

•8 

•4 

Indication. 

0 

0 

0-3 

07 

1-0 

T4 

17 

2*1 

2*4 

2  8 

31 

1 

3  5 

3  8 

4-2 

4*6 

50 

5-4 

5-8 

6  2 

6-6 

7  0 

2 

74 

7*8 

8-2 

87 

91 

9  5 

9-9 

10*3 

107 

11-1 

3 

11-5 

11-9 

12-4 

12*8 

13-2 

13-6 

14-0 

14*4 

14-8 

15*3 

4 

15*8 

16-2 

16-6 

17-0 

17*4 

17-9 

18*4 

18-8 

19-3 

19*8 

5 

20*3 

207 

21  "2 

21-6 

22  1 

22-5 

23*0 

23*4 

23  9 

24-3 

6 

24*8 

25*2 

25  6 

26-1 

26*6 

27-0 

27-5 

28-6 

28*5 

29  0 

7 

29*5 

30  0 

30  4 

30-9 

31-3 

31'8 

32*3 

32-8 

333 

33*8 

8 

34*3 

349 

35  5 

36  0 

36-6 

37*1 

377 

38-3 

38*8 

39*4 

9 

40*0 

405 

41*0 

41-5 

42*0 

42-5 

43*0 

43-5 

44-0 

44*4 

10 

44*9 

45*4 

46  0 

46-5 

47-1 

47*6 

48  2 

487 

49-3 

49*3 

11 

50*3 

50  9 

51-4 

51*9 

52  5 

53  0 

53-5 

540 

54-5 

55-0 

12 

55*6 

56-2 

567 

57*3 

57  8 

58'3 

58*9 

59*4 

59-9 

60*5 

13 

61-0 

61*6 

62*1 

627 

63-2 

63  8 

64'3 

64'9 

65-4 

66*0 

14 

66  5 

67*0 

67  6 

68*1 

687 

69*2 

69*8 

70-4 

70  9 

71*4 

15 

72-0 

\ 

\ 
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TABLE  XLVIL— continted. 


Specific 
Gravity. 

Malt 
Extract. 
Per  cent. 

Specific 
Gravity. 

Malt 
Extract. 
Per  cent. 

Specific 
Gravity. 

Malt 
Extract. 
Per  cent. 

Specific 
Gravity. 

Malt 
Extract. 
Per  cent. 

1,0460 

11,333 

1,0518 

12,714 

1,0576 

14,095 

1,0634 

15,464 

461 

357 

519 

738 

577 

119 

635 

488 

462 

381 

1,0520 

761 

578 

142 

636 

511 

463 

404 

521 

785 

579 

166 

637 

534 

464 

428 

522 

809 

1,0580 

190 

638 

557 

465 

452 

523 

833 

581 

214 

639 

581 

466 

476 

524 

857 

582 

238 

1,0640 

604 

467 

500 

525 

881 

583 

261 

641 

627 

468 

523 

526 

904 

584 

285 

642 

650 

469 

547 

527 

928 

585 

309 

643 

674 

1,0470 

571 

528 

952 

586 

333 

644 

697 

471 

595 

529 

976 

587 

357 

645 

721 

472 

619 

1,0530 

13,000 
023 

588 

381 

646 

744 

473 

642 

531 

589 

404 

647 

767 

474 

666 

532 

047 

1,0590 

428 

648 

790 

475 

690 

533 

071 

591 

452 

649 

814 

476 

714 

534 

095 

592 

476 

1,0650 

837 

477 

738 

535 

119 

593 

500 

651 

860 

478 

761 

536 

142 

594 

523 

652 

883 

479 

785 

537 

166 

595 

547 

653 

907 

1,0480 

809 

538 

190 

596 

571 

654 

930 

481 

833 

539 

214 

597 

595 

655 

953 

482 

857 

1,0540 

238 

598 

619 

656 

976 

483 

881 

541 

261 

599 

642 

657 

16,000 

484 

904 

542 

285 

1,0600 

666 

658 

023 

485 

928 

543 

309 

601 

690 

659 

046 

486 

952 

544 

333 

602 

714 

1,0660 

070 

487 

986 

545 

357 

603 

738 

661 

093 

488 

12,000 

546 

381 

604 

761 

662 

116 

489 

023 

547 

405 

605  , 

785 

663 

139 

1,0490 

047 

548 

428 

606 

809 

664 

162 

491 

071 

549 

452 

607 

833 

665 

186 

492 

095 

1,0550 

476 

608 

857 

666 

209 

493 

119 

551 

500 

609 

881 

667 

232 

494 

142 

552 

523 

1,0610 

904 

668 

255 

495 

166 

553 

547 

611 

928 

669 

278 

496 

190 

554 

571 

612 

952 

1,0670 

302 

497 

214 

555 

595 

613 

976 

671 

325 

498 

238 

556 

619 

614 

15,000 

672 

348 

499 

261 

557 

642 

615 

023 

673 

371 

1,0500 

285 

558 

666 

616 

046 

674 

395 

501 

309 

559 

690 

617 

070 

675 

418 

502 

333 

1,0560 

714 

618 

093 

676 

441 

503 

357 

561 

738 

619 

116 

677 

464 

504 

381 

562 

761 

1,0620 

139 

678 

488 

505 

404 

563 

785 

621 

162 

679 

511 

506 

428 

564 

809 

622 

186 

1,0680 

534 

507 

452 

OOO 

goo 

ooo 

ool 

00/ 

508 

476 

566 

857 

624 

232 

682 

581 

509 

500 

567 

881 

625 

255 

683 

604 

1,0510 

523 

568 

904 

626 

278 

684 

627 

511 

547 

569 

928 

627 

302 

685 

650 

512 

571 

1,0570 

952 

628 

325 

686 

674 

513 

595 

571 

976 

629 

348 

687 

697 

514 

619 

572 

14,000 

1,0630 

371 

688 

721 

515 

642 

573 

023 

631 

395 

689 

744 

516 

666 

574 

047 

632 

418 

1,0690 

767 

517 

690 

575 

071 

633 

441 

691 

790 
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TABLE  XLVII.— continued. 


Specific 

yJTWkVlliy. 

Malt 
Extract. 
Per  cent. 

Specific 
urayibj. 

Malt 
Extract. 
Per  cent. 

Specific 
Gravity. 

Malt 
Extract 
Per  cent. 

Specific 
uraviwjr. 

Malt 
Extract. 
Per  cent. 

1,0692 

16,814 

1,0700 

17,000 

1,0707 

17,158 

1,0714 

17,318 

698 

887 

701 

022 

708 

181 

715 

340 

694 

860 

702 

045 

709 

204 

716 

363 

695 

883 

703 

067 

1,0710 

227 

717 

386 

696 

907 

704 

090 

711 

250 

718 

409 

697 

980 

705 

118 

712 

272 

719 

431 

698 

953 

700 

136 

713 

295 

1,0720 

17,454 

699 

976 

TABLE  XLYIIL— For  Use  if  the  Distillation  Process  has  been  Used. 


Degrees  of 

Spirit 
Indication. 

0 

1 

2 

•8 

4 

•5 

•6 

•7 

8 

•9 

0 

o-o 

0*3 

0-6 

0-9 

1-2 

1-5 

1-8 

2-1 

2-4 

27 

1 

3  0 

3  3 

37 

4-1 

4*4 

4-8 

5-1 

5-5 

5'9 

6*2 

2 

6*6 

7-0 

7*4 

7-8 

8  2 

8-6 

9-0 

9*4 

9*8 

10-2 

3 

107 

111 

115 

12*0 

12-4 

12*9 

13-3 

13-8 

14*2 

147 

4 

15*1 

15*5 

16*0 

16*4 

16*8 

17*3 

177 

18*2 

18*6 

19-1 

5 

ll>'5 

19*9 

20*4 

20  9 

21*8 

•21-8 

22-2 

227 

23  1 

23  6 

6 

24-1 

24*6 

25-0 

25'5 

26  0 

26'4 

26-9 

27-4 

27*8 

28-3 

7 

28*8 

29*2 

297 

30*2 

307 

31*2 

317 

82  2 

327 

83-2 

8 

837 

34-3 

34-8 

35'4 

35*9 

36  5 

37-0 

37*5 

38*0 

88-6 

9 

391 

39-7 

40*2 

407 

41-2 

41-7 

42*2 

427 

43*2 

437 

10 

44'2 

44*7 

45*1 

456 

46*0 

46*5 

47*0 

47*6 

48*0 

48-5 

11 

49*0 

49*6 

50-1 

50*6 

51-2 

517 

52-2 

527 

53-3 

53-8 

12 

54  3 

54*9 

55*4 

55*9 

56  4 

56*9 

57*4 

57*9 

58*4 

58-9 

13 

59-6 

60-0 

60*5 

61*1 

616 

62-2 

627 

63*3 

63-8 

64-3 

14 

64-8 

65*4 

65-9 

66'5 

67*1 

67-6 

68-2 

687 

69*3 

69*9 

15 

70*5 

... 

TABLE  XLIX.— For  Use  if  the  Evaporation  Process  is  Adopted. 


Degrees  of 

Spirit 
Indication. 

0 

•1 

2 

3 

•4 

•5 

6 

•7 

8 

•9 

0 

0 

0-3 

07 

10 

1-4 

17 

2-1 

2-4 

2*8 

3-1 

1 

3  5 

3  8 

4  2 

4-6 

50 

5-4 

5-8 

6  2 

6  6 

7  0 

2 

7-4 

7-8 

8*2 

87 

91 

9  5 

9*9 

10-3 

107 

11  1 

3 

11-5 

11*9 

12-4 

12-8 

132 

13*6 

14*0 

14-4 

14*8 

15-3 

4 

15*8 

16*2 

16*6 

17*0 

17*4 

17-9 

18  4 

18*8 

193 

19-8 

5 

20*3 

207 

21  -2 

21*6 

22*1 

22-5 

23-0 

23-4 

23  9 

24*3 

24'8 

25*2 

25  6 

26-1 

26*6 

27-0 

27  5 

28  6 

28-5 

29  0 

? 

29*5 

30  0 

30-4 

30  9 

81 '8 

31-8 

32  3 

328 

33  3 

33*8 

8 

34  3 

34  9 

35-5 

36  0 

36  6 

37-1 

377 

38-3 

38-8 

39*4 

9 

40-0 

40*5 

41-0 

41*5 

42*0 

42*5 

43  0 

48'5 

44-0 

44*4 

10 

44*9 

45-4 

460 

46*5 

47-1 

47-6 

48'2 

487 

493 

49*3 

11 

50-3 

50  9 

514 

51-9 

52-5 

53  0 

53*5 

54-0 

54-5 

55  0 

12 

55*6 

56*2 

567 

57-3 

57-8 

58  3 

58*9 

59*4 

59-9 

60-5 

13 

61  0 

61*6 

62-1 

627 

63  2 

63-8 

64  3 

649 

65-4 

66  0 

14 

66*5 

67*0 

67-6 

68-1 

687 

69-2 

69-8 

70*4 

70  9 

71-4 

15 

720 

\ 

v 

424  FOODS  !  THEIR  COMPOSITION  AND  ANALYSIS.     [§  307. 


TABLE  L. — For  Ascertaining  the  Value  of  Acetic  Acid. 


.Excess  per  cent. 

OI  ACcHC  ACIQ 

Corresponding  Degrees  of  Spirit  Indication. 

in  the  Beer. 

00 

01 

02 

03 

04 

05 

06 

07 

08 

09 

•o 

•02 

•04 

•06 

•07 

•08 

•09 

•11 

•12 

•13 

•1 

•u 

•15 

•17 

•18 

•19 

•21 

•22 

•23 

•24 

•26 

•2 

'27 

•28 

•29 

•31 

•32 

•33 

•34 

•35 

•37 

•38 

•3 

•39 

•40 

•42 

•43 

•44 

•46 

•47 

•48 

•49 

•51 

•4 

•52 

•53 

•55 

•56 

•57 

•59 

•60 

•61 

•62 

•64 

•5 

•65 

•66 

•67 

•69 

•70 

•71 

•72 

•73 

•75 

•76 

•6 

•77 

•78 

•80 

•81 

•82 

•84 

•85 

•86 

•87 

•89 

7 

•90 

•91 

•93 

•94 

•95 

•97 

•98 

•99 

1-00 

1*02 

•8 

1-03 

1-04 

1-05 

1-07 

1*08 

1-09 

1*10 

I'll 

ri3 

1-14 

•9 

1-15 

1-16 

1-18 

1-19 

1-21 

1-22 

1*23 

1-25 

1*26 

1-28 

1-0 

1-29 

1-31 

1-33 

1-35 

1-36 

1*37 

1-38 

1*40 

1*41 

1-42 

From  the  malt  extract  the  amount  of  malt  used  is  calculated,  32*0  of 
malt  equalling  21*0  of  extract ;  or,  instead  of  referring  to  the  malt  extract 
tables,  1000  maybe  subtracted  from  the  original  gravity,  and  the  remainder 
multiplied  by  -025,  which  will  equal  the  total  amount  of  malt  extract  per 
gallon  in  pounds  weight. 


Examples. 

(1.)  An  ordinary  Mild  Ale. 

1000-0 

Specific  gravity  of  alcoholic  distillate  .      .     =        993  '6 

Spirit  indication,    ....  6*4 

This  spirit  indication,  on  reference  to  Table  XLV1II.,  equals  26  0. 

Gravity  of  boiled  beer,  =  1 01 4  *2 

Add   26*0 

Original  gravity,    ....  1040*2 

Now,  on  reference  to  Table  XLVII.,  1040*2  correspond  to  9*950  parts  of 
extract  in  100,  or  *9950  lb.  per  gallon. 

Or,  if  from  the  original  gravity,  ....  1040*2 
Be  subtracted,  1000 

And  the  number  obtained   40*2 

Be  multiplied  by   025 

The  product  equals  1  *005 

which  does  not  materially  differ  from  the  amount  obtained  from  the  tables. 
^  (2.)  A  beer,  by  the  evaporation  process,  indicated  6*1  per  cent,  of 
alcohol.  On  reference  to  the  specific  gravity  table  (Table  XL.),  p.  380, 
the  specific  gravity  corresponding  to  this  strength  is  '9896. 

1000-0 
989*6 


Spirit  indication 


=  10*4 
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This,  according  to  Table  XLIX.,  corresponds  to  47*1 ; 

The  gravity  of  the  boiled  beer  was  .  .  101 6  "2 
Add   47-1 

Original  gravity,    ....       1063 '3 


corresponding,  according  to  Table  XLVIL,  to  1*5441  lbs.  of  malt  extract 
to  the  gallon.    The  amount  of  malt  used  in  the  two  examples  is  found  thus — 

(1.)    '995(^  8201  =  1  -516  lbs.  of  malt  to  the  gallon. 

(2.)  1-5441  x  3201  =  2.3528  Jbg  Qf  ma]t  ^  ^  «m 
210  0 

If  the  beer  should  have  a  somewhat  large  proportion  of  acetic  acid  (as 
in  old  and  hard  beers),  it  will  be  necessary  to  take  into  account  the  loss  of 
gravity  by  acetic  acid.  This  complicates  the  calculation,  and  is  only 
occasionally  required. 

The  loss  of  gravity  by  acetic  acid  is  obtained  by  the  use  of  Table 
L.  Let  us  suppose  '36  per  cent,  of  acetic  acid  to  have  been  found  in 
Example  1 ;  from  this  subtract  '10  per  cent,  the  amount  which  may  be 
taken  as  incidental  to  healthy  fermentation,  and  allowed  for  in  the  table. 
Thus, 

Total  acetic  acid  present,  '36 

Deduct,  -10 

Acetic  acid  to  be  taken  account  of,  .       .       .       .  '26 

This  *26,  according  to  the  table,  equals  '34,  the  number  to  be  added  to 
the  spirit  indication. 

Spirit  indication  from  alcohol,       .  .  6*4 

,,         ,,      from  acetic  acid,    ....  '34 

Total  spirit  indication,  6 '74 

The  rest  of  the  calculation  is  as  before. 

It  may  be  desirable  to  examine  the  malt  extract  further,  and  specially 
with  a  view  to  ascertaining  whether  grape  sugar  has  been  used  in  place  of 
malt  or  not.  This  may  be  done,  according  to  Haarstick,  by  taking  advan- 
tage of  the  fact  that  most,  perhaps  all,  of  the  grape  sugars  of  commerce 
contain  B^champ's  amylin,  a  substance  of  great  rotatory  power,  and  one, 
moreover,  not  destroyed  by  fermentation. 

The  samples  of  beer  were  examined  by  Haarstick  as  follows : — 1  litre  of 
beer  was  evaporated  to  a  syrup,  to  which  alcohol  of  90  per  cent,  was  added, 
drop  by  drop,  from  a  burette  with  constant  agitation,  until  a  volume  of 
about  300  c.c.  had  been  used.  The  separation  of  dextrin  was  completed 
with  95  per  cent,  alcohol,  until  the  filtrate  did  not  show  the  least  turbidity 
when  mixed  with  an  equal  bulk  of  95  per  cent,  alcohol.  The  mixture  was 
then  left  at  rest  for  twelve  hours,  filtered,  and  the  greater  part  of  the 
alcohol  distilled  off.  The  remainder  was  evaporated  to  dryness  on  a  water- 
bath,  the  solid  portion  dissolved  in  distilled  water,  and  the  solution  diluted 
to  a  litre,  and  fermented  with  yeast  at  20°,  until  all  the  sugar  had  been 

1  Or,  of  course,  the  factor  $f  =  1  '524  may  be  used,  and  then  the  two  equations  are  as 
follows (1 . )  995  x  1  '524  =  1  '516,  and  (2. )  1  '5441  x  1  '524  =  23532. 
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destroyed.  The  fermentation  was  completed  on  the  fourth  day,  and  the 
result  of  the  process  was,  that  beers  prepared  without  grape  sugar  gave  a 
solution  of  no  rotatory  power,  while  those  prepared  with  grape  sugar  turned 
the  plane  of  polarisation  2o,0  to  3° '4  to  the  right,  as  observed  in  Hoppe's 
scale. 

(5.)  TJie  Hop  Resin  and  Glycerin. — Griessniayer 1  estimates  the  hop 
resin  and  glycerin  by  concentrating  the  beer  to  one-third  of  its  bulk,  and 
shaking  it  up  with  petroleum  ether ;  this,  on  separation  and  evaporation, 
leaves  the  hop  resin.  The  liquid,  now  freed  from  hop  constituents,  is 
made  alkaline  by  baryta  water,  or,  better,  by  barium  alcoholate,  and  shaken 
up  several  times  with  a  mixture  of  two  parts  of  alcohol  and  three  of  ether ; 
the  latter,  on  being  separated  and  evaporated  in  the  usual  way,  leaves  the 
glycerin. 

Clausnizer2  gives,  as  the  result  of  his  elaborate  experiments  on  the 
various  processes  for  the  estimation  of  glycerin,  the  following  method, 
which  would  appear  to  be  the  best  hitherto  published  :  50  c.c.  of  beer  are 
warmed  on  the  water-bath  to  get  rid  of  CO^  and  then  mixed  with  3  grms. 
of  hydrate  of  lime  and  evaporated  to  a  syrup;  10  grms.  of  powdered 
marble  are  then  added,  the  mass  frequently  stirred,  and  the  whole  dried 
ou  the  water-bath.  The  dish  with  its  contents  is  now  weighed,  and  an 
aliquot  part  (about  two-fifths  to  three-quarters)  put  in  the  extraction 
apparatus  figured  at  p.  50,  and  exhausted  with  20  c.c.  of  alcohol  of  80  to 
90  per  cent.  The  alcoholic  extract  (now  about  15  c.c.)  is  mixed  with  25 
c.c.  of  anhydrous  ether,  the  precipitate  separated,  and  the  ether-alcohol 
received  into  a  weighed  flask,  the  precipitate  also  being  washed  with 
alcohol-ether  [2  :  31.  The  almost  colourless  filtrate  is  freed  from  alcohol 
and  ether  by  very  slow  evaporation.  Lastly  the  glycerin  is  dried  at  100° 
until  in  two  hours  no  more  than  2  mgrms.  are  lost.  This  process  will  take 
from  two  to  four  hours  for  normal  beer,  from  four  to  six  for  beer  to  which 
glycerin  has  been  added.  It  may  be  well  to  burn  up  the  glycerin  and 
subtract  the  ash  found.  Clausnizer  gives  the  percentage  of  glycerin  in 
common  German  beers  as  follows : — 


(6.)  The  Nature  of  tlie  Bitter  used. — This  is  the  most  difficult  part  of 
the  investigation,  and  requires  a  very  considerable  amount  of  practical 
knowledge.  Occasionally,  if  the  beer  is  put  in  the  tube  figured  at  p.  407, 
small  fragments  of  quassia,  calumba,  and  similar  substances  will  be  observed 
to  sink  to  the  bottom  as  a  sediment,  and  may  be  detected  microscopically  ; 
indeed,  it  is  probable  that  were  it  possible  to  obtain  the  sediment  from  the 
beer  casks,  many  foreign  matters  might  in  this  way  be  detected. 

1  Ber.  d.  d.  diem.  Gesclls.,  xi.,  292,  293. 

3  Clausnizer,  F.  :  Zur  Glycerine  Bestinimung  in  Bier.  Zeitsehrift  far  analytische 
Chem.,  xx.,  80. 

3  E.  Borgmann  {Zeitschr.  anal.  Chem.,  xxii.,  583,  534)  gives  very  different  results, 
for  in  the  examination  of  a  large  number  of  beers,  both  German  and  English,  he  found 
the  ratio  of  alcohol  and  glycerin  to  average  100  alcohol :  4*8  glycerin—the  extremes 
were         and         "^Glycerin  can  be  estimated  in  beer  also  by  Wanklyn's  process 
(see  p.  300  and  p.  455). 


Alcohol.    Extract.  Glycerin.' 


Wagening's  Bockbier, 
,,  Beer, 


Rhine  beer, 
Bavarian  beer,  . 


3-1  6*4  -208 

3-0  5'2  -206 

2*8  3'9  -237 

4*4  6*0  "220 

3-7  4-5  '264 


»> 
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Jn  most  oases  it  is  sufficient  to  use  some  of  the  special  processes  here- 
after described,  and  restrict  the  inquiry  to  proving  the  absence  of  picric 
acid,  of  picrotoxin,  and  of  any  other  specially  noxious  substance  which 
may  be  suspected.  Should,  however,  the  analyst  desire  to  examine  the 
beer  generally  for  various  organio  principles,  the  elaborate  process  as 
worked  out  by  Dragendorff  and  others,  fully  described  in  the  work  on 
'Poisons,'  by  A.  Wynter  Blyth,  must  be  used.  About  600  to  1000  c.c. 
of  the  beer  are  evaporated  to  a  syrupy  consistence,  and  sufficient  strong 
alcohol  is  added  to  precipitate  the  dextrin.  The  whole  is  filtered,  and  after 
standing  some  hours,  the  filtrate,  acidulated  with  sulphuric  acid,  and 
shaken  up  successively  with  petroleum  ether,  benzine,  chloroform,  and  (if 
salicin  be  sought)  amylic  alcohol 

Or  the  beer  may  be  precipitated  with  acetate  of  lead,  filtered,  the 
excess  of  lead  thrown  out  by  sulphuric  acid,  and  treated  with  the  solvents 
as  described.  If  inquiry  be  made  as  to  the  nature  of  the  residue  left  by 
these  different  solvents  in  beer  simply  made  from  hops  and  malt,  it  appears 
that— 

(1.)  The  petroleum  ether  extracts — 

(a.)  An  amorphous,  slightly  bitter  substance,  soluble  in  ether  and  alcohol,  and 
partially  soluble  in  water  ;  this  is  derived  from  both  hops  and  malt ; 

(6.)  A  substance  precipitable  by  basic  acetate  of  lead  ;  and  one 

(c. )  Becoming  red  by  Frohde's  reagent ;  both  derived  from  the  hop. 

(of. )  A  substance  derived  from  the  hop  alone,  becoming  red  with  sulphuric  acid  and 
sugar. 

(2.)  Benzine  extracts  the  same  substances,  and  in  addition — 

(e.)  A  substance  derived  from  the  hop,  which  precipitates  tannin  ; 
(/.)  A  substance  derived  from  the  malt,  becoming  dark-brown  on  the  addition  of 
sulphuric  acid. 

(3)  Clilorofomi  extracts  (a.),  (/;.),  and  (e.),  and  also  (/.),  a  substance 
partly  precipitated  by  potassium  iodide  and  phosphomolybdic  acid ; 

(</.)  A  substance  reducing  ammoniacal  solution  of  silver  nitrate  ; 

(h. )  A  substance  crystallisable  from  ether.    All  of  these  are  derived  from  the  malt. 

The  normal  reactions  of  the  substances  being  known,  the  following 
scheme  will  be  found  useful,  always  bearing  in  mind  that  few  chemists, 
should  they  obtain  any  of  the  reactions  mentioned,  would  conclude  from 
this  alone  that  the  substance  is  actually  present.  The  reaction  would  be 
considered  as  an  indication  only,  to  be  supplemented  by  other  evidence.  Un- 
less this  is  remembered  and  acted  upon,  the  most  unfortunate  errors  may 
be  committed  by  the  inexperienced.  The  beer  is  most  conveniently  shaken 
up  with  the  solvent  in  the  tube  figured  p.  223  ;  the  ether  and  benzine  will  float 
at  the  top,  the  chloroform  will  gravitate  to  the  bottom ;  in  either  case 
separation  is  tolerably  easy.  It  will,  however,  be  found  a  good  plan,  in  the 
first  place,  to  separate  the  liquids  rather  roughly — i.e.,  to  draw  off  the 
ether,  benzine,  and  chloroform  layers,  with  some  of  the  adjacent  liquid,  to 
wash  this  in  the  same  tube  with  water,  to  withdraw  the  solvent  from  the 
water  as  completely  as  possible  by  the  separating  tube;  and  if  this  (as 
sometimes  happens)  is  not  very  feasible,  to  evaporate  the  impure  liquid  to 
dryness  in  a  water-bath,  and  exhaust  the  residue  with  the  original  solvent. 
The  latter  may  be,  in  the  first  place,  concentrated  over  hot  water,  and  then 
portions  distributed  between  two  or  three  watch-glasses,  and  evaporated  to 
dryness. 
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I.  THE  ACID  SOLUTION. 
Peteoleum  Rksidue. 

(a.)  It  is  amorphous,  colours  sulphuric  acid  first  brown,  then  violet,  and  finally  red 
violet.  Traces  of  Absinthin. 

(6.)  It  is  amorphous,  colourless,  having  a  hot  taste,  reddening  the  skin,  and  colouring 
sulphuric  acid  brownish-red.  Traces  of  Capsicin. 

(c.)  It  is  amorphous,  green,  is  coloured  by  sulphuric  acid  and  sugar,  and  gives  no 
precipitate  with  ammoniacal  silver  solution.  Resin  of  the  Juniper  berries. 

(d.)  It  is  crystalline,  yellow,  and  becomes  blood-red  on  warming  with  cyanide  of 
potassium.  Picric  acid. 

Benzine  Residue. 

A.  Crystalline  residue. 

It  is  not  bitter ;  caustic  potash  colours  it  purple-red,  sulphuric  acid  first  red,  then 
orange.  Aloetin. 

B.  Amorphous  residue. 

a.  The  residue  soluble  in  water ;  does  not  trouble  or  reduce  gold  chloride  solution  in 
the  cold. 

(a.)  Tannin  does  not  precipitate  the  solution  in  water  ;  residue  sharp  tasting. 

1.  Sulphuric  acia  colours  it  red  brown.  Capsicin. 

2.  Sulphuric  acid  colours  it  brown.  Daphne  bitter, 
(b.)  Tannin  precipitates  the  solution  in  water ;  the  residue  somewhat  bitter. 

I.  Basic  lead  acetate  causes  a  weak  turbidity,  sulphuric  acid  and  sugar  scarcely 
redden. 

1.  Iron  chloride  colours  the  watery  solution,  on  warming,  brownish-green  ;  taste 
slightly  bitter.  Gentian  bitter. 

2.  Iron  chloride  colours  the  watery  solution  brown ;  taste  peculiar,  almost  un- 
supportably  bitter.  Qumsiin. 

II.  Basic  lead  acetate  strongly  precipitates,  sulphuric  acid  and  sugar  colour  it 
gradually  a  beautiful  cherry-red  ;  taste  bitterish.  Cnicin. 

b.  The  residue  soluble  in  water  ;  does  not  trouble  solution  of  gold  chloride  in  the  cold, 
but  reduces  it  on  warming. 

(a. )  Tannin  causes  a  faint  turbidity  in  the  water  solution,  ammoniacal  silver  solution 
is  not  reduced.  Heated  with  diluted  sulphuric  acid,  an  ericinol  smell  is  developed. 
Frbhde's  reagent  colours  it  black- brown,  sulphuric  acid  and  sugar  a  beautiful  red. 

Ledum  bitter. 

(b. )  Tannin  precipitates  the  watery  solution  ;  ammoniacal  solution  of  silver  is  reduced. 
Heated  with  diluted  sulphuric  acid,  a  weak  smell  of  menyanthol  is  developed. 

Trifolium  bitter. 

c.  The  residue  soluble  in  water,  precipitates  in  the  cold  chloride  of  gold,  but  does  not 
reduce  it  upon  warming.  Heated  with  diluted  sulphuric  acid  (1  of  acid  to  5  of  water),  it 
gives  a  weak  benzoic  acid  smell.  Centaurea  bitter. 

d.  The  residue  soluble  in  water,  precipitates  in  the  cold  chloride  of  gold,  which  it 
reduces  upon  warming.  Sulphuric  acid  dissolves  it  first  brown,  then  gradually  violet ; 
after  the  addition  of  water  quickly  a  beautiful  violet.  Hydrochloric  acid  of  1  '135  speoific 
gravity  colours  it  first  green,  then  a  beautiful  blue.  Absinthin. 


Chloroform  Residue. 
A.  Chloride  of  gold  does  not  precipitate,  and  is  not  reduced. 

a.  Tannin  gives  no  precipitate ;  the  residue  has  a  pungent  taste.  Sulphuric  acid 
colours  it  dark-brown  red  ;  it  reddens  the  skin.  Capsicin. 

b,  Tannin  precipitates. 

(a. )  Basic  lead  acetate  gives  a  decided  precipitate.  Heated  with  diluted  sulphuric 
acid  it  is  first  troubled,  then  it  becomes  brown-red,  and  develops  a  weak  smell  of 
benzoic  acid.  Cnicin, 

(6. )  Basic  acetate  of  lead  gives  little  or  no  precipitate. 
I.  Sulphuric  acid  colours  brown, 

1.  Residue  bitter. 

aa.  Strongly  bitter.  Quassiin. 
bb.  Residue  somewhat  bitter.  Gentian  bitter, 

2.  Residue  tasting  pungent  Daphne  bitter. 
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II.  Sulphuric  acid  colours  but  slightly  yellow  or  not  at  all,       Colocynth  bitter. 

B.  Chloride  of  gold  does  not  precipitate  in  the  cold,  but  is  reduced  in  the  warm. 

a.  Tannin  does  not  precipitate. 

1.  Intoxicates  fish,  tastes  bitter.  Picrotoxin. 

2.  Is  tasteless  or  slightly  bitter ;  caustic  potash  colours  it  red-brown. 

Constituent  of  Aloes. 

b.  Tannin  precipitates. 

(a.)  Ammoniacal  solution  of  silver  is  reduced.  Heated  with  dilute  sulphuric  acid, 
as  well  as  with  Frbhde's  reagent,  there-  is  a  strong  smell  of  menyanthoL 

Menyanthin. 

(b.)  Ammoniacal  solution  of  silver  is  not  reduced.  With  concentrated  sulphuric  acid 
and  sugar,  after  long  standing,  a  splendid  carmine  red  develops ;  heated  with 
diluted  sulphuric  acid,  as  well  as  with  Frbhde's  reagent,  an  intense  ericoUn  smell 
is  developed.  Ericolin. 

C.  Chloride  of  gold  precipitates  in  the  cold,  and  is  not  reduced  by  the  application  of 
heat.    Nitric  acid  colours  violet.  Colchicine. 

Heated  with  sulphuric  acid,  an  odour  somewhat  like  trifolium  is  developed,  then  the 
solution  becomes  rea-brown,  and  the  smell  similar  to  benzoic  acid.       Centaurea  bitter. 

D.  Chloride  of  gold  precipitates  in  the  cold  and  reduces  in  the  warm.  Sulphuric  acid 
colours  brown,  then  the  solution  becomes  gradually  dirty  violet.        Wonmoood  bitter. 

If  necessary  to  go  further,  search  may  be  made  for  the  alkaloids  by  rendering  the 
liquid  weakly  alkaline  by  carbonate  of  soda  or  by  ammonia. 


II.  THE  ALKALINE  SOLUTION. 

I.  Residue  obtained  by  shaking  up  with  Benzine. 

(1. )  It  dilates  the  pupil, 
(a.)  Platin.  chloride  does  not  precipitate  the  aqueous  solution.    A  solution  in 

sulphuric  acid  fives  on  warming  a  peculiar  smell.  Atropine, 
{b. )  Platin  chloride  precipitates.  Uyoscyamin. 
(2.)  It  does  not  dilate  the  pupil, 
(a. )  The  sulphuric  acid  solution  gives  with  oxide  of  cerium  or  bichromate  of  potash 

a  blue  colour.  Strychnine. 
(6.)  The  sulphuric  acid  solution  gives  a  red  colour  with  nitric  acid  solution. 

Brucine. 

II.  Residue  obtained  fbom  shaking  it  up  with  Amtlio  ALCOHOL.-—{Thi8 
need  only  be  done  if  salicin  be  suspected. )  On  warming  with  sulphuric  acid  and 
bichromate  of  potash,  a  smell  of  salicylic  acid  is  developed.  Salicin. 

§  308.  Dr.  Adams 1  has  found  that  the  bitter  of  new  hops  is  destroyed 
by  boiling  with  dilute  sulphuric  acid.  He  operates  as  follows : — The  beer 
is  boiled,  and  basic  lead  acetate  solution  added  until  on  the  point  of 
saturation.  The  boiling  is  continued  for  some  time,  after  which  the  pre- 
cipitate is  filtered  off  and  the  nitrate  is  acidified  with  sulphuric  acid  and 
filtered  from  the  lead  sulphate  ;  the  clear  acid  filtrate  is  concentrated  to  a 
small  bulk,  chalk  is  added  to  neutralise  the  acid,  and  the  liquid  again 
filtered.  The  filtrate  is  now  devoid  of  bitter  taste,  if  hops  alone  have  been 
used. 

A  second  process  suitable  for  detecting  either  old  hopsor  new  is  on  the  same 
principles.  The  boiling  beer  is  neutralised  by  barium  hydrate,  or,  rather, 
made  alkaline.  To  the  filtrate  sulphuric  acid  is  added  until  made  just  acid. 
Then  the  lead  treatment  as  in  the  first  process  is  followed,  and  a  filtrate 
ultimately  obtained  devoid  of  bitterness,  if  hops  alone  have  been  used.  On 
the  other  hand,  most  bitters,  such  as  quassia,  geutian,  chiretta,  and  many 
others,  are  but  little  affected  by  the  boiling  with  sulphuric  acid. 

A  very  good  process,  only  aiming  at  the  identification  of  a  few 
principles,  is  recommended  by  Enders ;  it  is  as  follows : — 
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The  beer  is  evaporated  to  a  syrup,  the  dextrin  separated  by  mixing  it 
with  three  or  four  times  its  volume  of  alcohol,  the  liquid  filtered,  and  the 
sugar  precipitated  by  ether.  The  filtered  ether-alcohol  solution  is  evap- 
orated, the  residue  dissolved  in  alcohol,  mixed  with  water,  and  precipitated 
by  means  of  acetate  of  lead.  The  precipitate  is  filtered,  the  filtrate  put  on 
one  side.  The  washed  precipitate  is  then  separated  from  lead  by  SH2,  the 
lead  sulphide  filtered  and  washed  with  alcohol,  and  the  filtrate  (as  well  as 
the  alcohol  washing  of  lead  sulphide)  evaporated  together.  The  residue  is 
dissolved  in  chloroform,  and  the  solution  warmed  with  water  until  all  the 
chloroform  is  driven  off.  The  liop  bitter,  which  remains  insoluble,  is  filtered 
off,  and  the  filtrate  evaporated  to  dryness.  The  lupulin  in  it  should  taste 
bitter  and  have  an  acid  reaction;  it  is  soluble  in  alcohol,  ether,  and 
chloroform ;  is  not  precipitated  when  in  solution  in  weak  spirit  by  tannic 
acid,  but  is  precipitated  by  acetate  of  lead.  Ammoniacal  solution  of  silver 
is  not  reduced  by  it.  The  filtrate  of  the  first  lead  precipitate  is  freed  from 
lead  by  SHg,  the  lead  sulphide  filtered  off  and  washed  with  hot  water,  the 
excess  of  SH2  driven  off  by  warming,  and  then  tannin  added  to  the  filtrate. 
If  no  precipitate  occurs,  absinthin,  quassiin,  and  men  j  an  thin  are  absent. 
Any  precipitate  is  filtered,  dried  with  carbonate  of  lead,  boiled  with  alcohol, 
evaporated,  and,  lastly,  treated  with  ether.  The  latter  agent  dissolves 
absinthin,  which  is  also  soluble  in  alcohol,  and  in  much  hot  water ;  from 
the  latter  solution  it  is  precipitated  by  tannic  acid,  but  not  by  lead  acetate  ; 
it  is  soluble  in  sulphuric  acid,  and  on  careful  addition  of  water  to  this 
solution  a  violet-blue  colour  is  produced.  Absinthin  reduces  an  ammoniacal 
solution  of  silver.  Ether  leaves  menyanthin  and  quassiin  undissolved. 
Both  are  soluble  in  alcohol,  and  the  latter  behaves  towards  tannic  acid  and 
acetate  of  lead  like  absinthin.  Menyanthin  reduces  ammoniacal  solution 
of  silver ;  quassiin  does  not. 

Picrotoxin  may  be  specially  tested  for  by  some  one  of  the  following 
processes : — 

Herapath's  Process.  —  Mix  the  beer  with  acetate  of  lead  in  excess ; 
filter,  and  transmit  sulphuretted  hydrogen  through  the  filtrate.  Filter 
again,  concentrate  the  filtrate,  and  treat  it  with  animal  charcoal,  which 
has  the  property  of  absorbing  the  picrotoxin.  Wash  the  animal  charcoal, 
dry  at  100°,  and  boil  with  alcohol ;  this  dissolves  out  the  picrotoxin,  from 
which  it  may  be  obtained  in  tufts  of  crystals. 

Depaire's  Process. — Mix  with  one  litre  of  beer  finely  powdered  rock 
salt  (which  throws  down  the  resinous  and  extractive  matters),  and  shake 
the  liquid  with  ether ;  an  impure  picrotoxin  crystallises  on  separating  the 
ether  and  evaporating  it:  or  the  beer  may  be  simply  acidulated  with 
hydrochloric  acid  and  agitated  with  ether,  the  ether  separated  and  evapor- 
ated as  before. 

Schmidt? s  Process. — 1.  Evaporate  the  beer  in  a  water-bath  to  a  syrupy 
consistence,  mix  it  with  tepid  water  till  it  is  perfectly  liquid,  so  as  to 
bring  the  volume  to  a  third  of  the  liquid  used;  heat  and  shake  with 
animal  charcoal.  Let  it  stand  several  hours,  filter,  and  heat  slightly; 
precipitate  by  basic  acetate  of  lead,  and  again  filter.  The  liquid  should 
now  be  of  a  yellow  wine-colour ;  if  not,  re-filter  through  animal  charcoal. 
Add  from  5  to  10  cubic  centimetres  of  amylic  alcohol,  and  shake  briskly 
several  times  at  intervals;  after  twenty-four  hours  the  amylic  alcohol, 
containing  the  greater  part  of  the  picrotoxin,  collects  on  the  surface.  The 
remainder  is  subsequently  eliminated  by  fresh  treatment  with  amylic 
alcohol    Collect  the  limpid  layers  oi  this  alcohol,  and  leave  the  rest  to 
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evaporate  spontaneously.  On  the  sides  of  the  capsule  a  yellowish  ring 
forms,  and  this  contains  the  picrotoxin  mixed  with  resinous  substances. 

2.  Isolation  of  tlie  Picrotoxin. — First,  dissolve  the  resinous  product 
in  weak  alcohol,  evaporate  to  dryness,  recover  by  a  little  boiling  water 
containing  a  small  quantity  of  H2S04,  boil  to  expel  any  volatile  matter, 
add  a  little  animal  black  to  eliminate  all  extractive  and  resinous  matter, 
and,  lastly,  filter.  Evaporate  inodorous  liquid,  and  when  a  fresh  bitter 
taste  is  developed,  shake  up  with  ether;  this  redissolves  the  picrotoxin, 
and  collects  into  a  distinct  layer  on  the  surface  of  the  liquid.  Treat 
again  with  ether,  and  the  whole  of  the  picrotoxin  is  eliminated ;  finally, 
the  ethereal  liquids  are  mixed,  a  little  alcohol  is  added,  and  the  whole  is 
evaporated.  The  white  or  yellowish  ring  formed  consists  of  picrotoxin, 
which  then  has  only  to  be  dissolved  in  alcohol  to  furnish  the  immediate 
principle  in  the  form  of  well-defined  crystals.  These  crystals,  however, 
will  not  be  obtained  unless  the  solution  be  quite  free  from  resinous 
substances ;  if  not  free,  and  if,  for  instance,  the  ethereal  solution  is  of  a 
yellow  colour,  it  must  be  recovered  with  water  and  treated  by  charcoal,  as 
above  described. 

Schmidt  was  able  to  separate  by  this  process  0*04  grain  of  picrotoxin  in 
a  bottle  of  beer  which  had  been  adulterated  with  eight  grains  of  Indian  berry.1 

Dragendorff  has  modified  the  method  of  Schmidt,  by  adding  an  excess 
of  acetate  of  lead,  precipitating  this  by  SHt2,  and  with  the  lead  sulphide 
getting  rid  of  some  colouring  matter.  The  sulphide  of  lead  may  be 
washed  and  dried,  and  then  boiled  with  ether,  to  recover  any  picrotoxin 
which  has  gone  down  with  it. 

By  the  following  process  the  animal  charcoal  may  be  dispensed  with 
altogether: — The  beer  is  first  evaporated  to  a  syrup,  then  4  to  5  vols, 
of  alcohol  of  90  to  94  per  cent,  are  added.  After  maceration  for  twenty- 
four  hours  at  a  low  temperature,  the  alcoholic  extract  is  evaporated,  the 
residue  acidified  with  diluted  S04H2,  and  treated  several  times  with  amyl 
alcohol  or  chloroform ;  but  previously  to  this  the  fluid  should  be  shaken 
up  several  times  with  benzine,  which  does  not  remove  any  picrotoxin. 
The  rest  of  the  process  is  similar  to  that  of  Schmidt. 

§  309.  Special  Test*  for  Picric  Acid. — If  picric  acid  alone  should  be 
sought  for,  the  quickest  way  is  to  agitate  the  beer  in  the  separating  tube, 
described  p.  223,  with  half  its  volume  of  amylic  alcohol.  On  separating 
aud  evaporating  the  alcohol,  if  picric  acid  be  present  a  yellow  residue  will 
be  left,  and  can  be  identified  by  the  action  of  potassic  cyanide,  as  described 
below.  It  will  not  be  worth  while  testing  specially  for  picric  acid,  if  the 
beer,  on  being  treated  with  subacetate  of  lead,  loses  nearly  all  its  bitter 
taste ;  but  if,  on  the  contrary,  it  continues  bitter,  picric  acid,  or  some  other 
bitter  not  precipitable  by  acetate  of  lead,  is  present. 

Another  test  frequently  proposed  for  picric  acid  is  to  soak  some  pure 
wool  in  the  beer,  first  gently  warmed  over  the  water-bath  and  acidulated 
with  HC1,  when  the  picric  acid  will  stain  the  wool  yellow.  The  wool  thus 
stained  may  next  be  warmed  with  aqueous  ammonia,  the  liquid  filtered, 
concentrated  to  a  small  bulk,  and  a  few  drops  of  a  solution  of  potassic 
cyanide  added,  when,  if  picric  acid  be  present,  a  red  colour  (potassium 
isopurpurate)  will  be  produced.  Picric  acid  may  be  also  recognised,  if 
present,  by  spectroscopic  examination:  the  dried  extract  is  exhausted 
either  by  amyl  alcohol  or  ether,  and  the  solution  examined,  comparing 
any  spectrum  obtained  with  that  given  by  a  solution  of  the  acid. 

1  M.  Schmidt :  Chem.  News,  March  12,  1864,  p.  122. 
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The  best  method,  according  to  W.  Fleck,  of  detecting  picric  acid  in 
beer,  is  to  evaporate  down,  say  half  a  litre  of  the  beer  to  a  syrup,  mix  the 
residue  with  ten  times  its  volume  of  absolute  alcohol,  filter,  wash, 
evaporate  the  alcoholic  solution  to  dryness,  treat  this  dry  extract  with 
water  as  long  as  the  water  is  coloured,  evaporate  down  the  watery  extract 
to  dryness,  and  extract  with  ether.  The  ether  will  contain  any  picric 
acid  in  a  state  pure  enough  to  weigh,  if  not  absolutely  pure.  The  ether 
may  be  driven  off  and  the  picric  acid  taken  up  by  chloroform  or  benzole, 
and  crystallised  out  from  either  of  those  solvents.1 

§  310.  Mr.  Sorby  has  endeavoured  to  discover  by  spectral  analysis 
differences  between  picric  acid,  gentian,  calumba,  aud  chiretta.  The 
characters  of  the  pure  colouring-matters  of  malt  and  hops,  when  single 
and  unfermented,  have  been  already  described.  They  are,  however, 
modified  somewhat  by  fermentation  and  by  keeping  in  the  cask,  and  the 
following  is  a  description  of  what  may  be  found  In  pure  beers.  The 
colouring-matter  is  first  separated  by  evaporating  down  and  precipitating 
by  alcohol;  the  alcoholic  filtrate  is  in  turn  evaporated,  and  the  residue 
dissolved  in  water.  On  now  adding  to  this  aqueous  solution  sodic  hypo- 
chlorite, it  becomes  gradually  flesh-coloured,  and  if  it  is  strong  a  spectrum 
can  be  obtained.  This  spectrum  is  lightly  shaded  to  C§D,  then  dark  to 
D£E,  afterwards  very  dark;  and  when  most  advantageously  seen  half 
dark  from  D|E  to  F,  then  easily  shaded  to  F£G,  farther  on  very  dark ; 
and  there  is  a  broad  absorption-band  from  E|6.  If  more  hypochlorite  is 
added,  it  becomes  deeper  orange,  and  finally  orange  yellow.  No  difference 
could  be  discovered  spectroscopically  between  gentian,  chiretta,  and  hops. 
Calumba  root  it  is  possible  to  detect  as  follows  : — 

A  sample  of  pure  and  one  of  suspected  beer  are  evaporated  down. 
[A  beer  may  be  suspected  if  the  extract  is  bright  yellow.]  Two  observa- 
tion tubes  are  taken,  and  the  pure  beer  diluted  until  it  gives  a  spectrum 
easily  shaded  from  D£E  to  E£6,  then  moderately  dark  from  6§F, 
afterwards  dark.  In  the  other  tube  is  placed  as  much  of  the  suspected 
sample  as  will  give  a  colour  of  about  equal  intensity,  and  in  both  cases 
about  one-fourth  of  the  mixture  must  be  alcohol,  in  order  to  avoid  a 
precipitate.  Sodic  hypochlorite  is  now  added  to  both  slowly,  and  in  about 
equal  proportion ;  when  pure,  beer  will  become  first  red,  and  then  flesh- 
coloured,  with  a  spectrum  moderately  dark  from  6|F  to  F^,  then  half 
dark  to  ¥\g,  afterwards  dark ;  whilst  beer  containing  calumba  root 
is  coloured  orange-red,  and  gives  a  spectrum  lightly  shaded  from  D 
to  D£E,  afterwards  half  dark  from  D|E,  then  dark.  Too  large  an  amount 
of  hypochlorite  must  not  be  added,  or  the  colour  is  then  too  like  that  of 
pure  beer.  Picric  acid,  when  in  beer,  gives  a  spectrum  which  is  easily 
shaded  from  J?$g  to  F|^,  then  half  dark  to  about  g,  afterwards  very  dark. 
On  addition  of  sulphuric  acid  the  spectrum  is  lightly  shaded  from  Y\g  to 
F£ g,  then  half  dark  to  beyond  g ;  afterwards  very  dark. 

Salicylic  Acid  is  used  occasionally  in  brewing.  If  the  beer,  con- 
centrated to  a  small  bulk,  is  acidified  with  hydrochloric  acid  and  shaken 
up  with  ether,  the  latter  solvent  will  extract  the  organic  acid,  and  it  may 
be  identified  by  the  colour  it  gives  with  ferric  chloride,  and  by  its  physical 
properties. 

§  311.  (7.)  The  Ash. — The  analysis  of  the  ash  of  beer  differs  in 
no  degree  from  an  analysis  of  ash  in  general,  and  is  carried  out  on  the 
principles  detailed,  p.  93,  et  seq.    The  substances  to  which  the  analyst's 
1  H.  Fleck,  Correspon&tnt-BL  d.  Vereitu.  Atial.  Chcm.y  hi.,  77. 
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attention  is  specially  directed  are — the  amount  of  salt,  the  presence  or 
absence  of  iron  (often  added  in  the  form  of  sulphate  to  porter),  alum  and 
lead.1    Of  these  the  only  one  necessary  to  allude  to  further  is  the  salt. 

The  salt  in  beer  is  determined  with  sufficient  accuracy  by  charring  in  a 
platinum  dish  the  extract  from  70  c.c.  of  beer  (it  is  not  well  to  burn  to  a 
complete  ash,  for  in  doing  so  there  is  always  a  considerable  loss  of 
chlorides).  The  charred  mass  is  boiled  up  with  successive  portions  of 
distilled  water,  filtered,  and  the  filtrate  made  up  to  a  known  bulk,  from 
which  a  convenient  fractional  portion  is  taken,  and  titrated  with  a  solution 
of  nitrate  of  silver  (4-79  grms.  to  the  litre),  1  c.c.  =  l  mgrm.  of  chlorine, 
using  as  an  indicator  neutral  chromate  of  potash.  The  chlorine  found  is 
calculated  and  expressed  as  common  salt,  every  mgrm.  of  salt,  when  70  c.c. 
are  taken,  being  equivalent  to  1  grain  in  the  gallon.  Mr.  Griffin's 
convenient  measure,  the  septeni  or  one-hundredth  of  a  gallon,  may, 
of  cour3e,  be  used,  and  grains  instead  of  grammes— each  grain  measure  of 
nitrate  of  silver  being  made  to  correspond  to  one-tenth  of  a  grain  of 
common  salt  per  gallon.  Should  the  amount  thus  found  indicate  more 
than  50  or  60  grains  per  gallon,  a  second  determination  of  chlorine  should 
be  made  by  the  more  accurate  gravimetric  method  of  weighing  the  chlorine 
as  chloride  of  silver.  It  is  always  advisable  then  to  make  a  qualitative 
and  quantitative  examination  of  the  soluble  portion  of  the  ash ;  for,  if 
called  as  a  witness,  the  analyst  must  be  prepared  to  state  positively  the 
amount  of  chloride  of  sodium ;  nor  can  he  well  do  this  simply  from  the 
soluble  chlorine,  for  that  may  represent  other  chlorides  besides  chloride  of 
sodium. 

The  amount  of  salt  derived  from  tho  hops  and  malt  can  approximately 
be  determined,  as  Mr.  Gatehouse  has  shown,2 — First,  for  the  malt :  by 
taking  the  original  gravity,  as  before  described  (p.  419),  obtaining  thence 
the  quantity  of  malt  originally  used  in  the  beer,  and  reckoning  the  malt  to 
contain  *025  per  cent,  of  salt  (and  certainly  no  malt  will  be  found  to  exceed 
this).  Then,  for  the  hops :  the  possible  maximum  of  salt  in  hops  is  *345 
per  cent.  The  quantity  used  in  brewing  being  seldom,  if  ever,  more  than 
20  lbs.  per  quarter  of  malt  for  bitter  beer,  and  generally  less  than  half  this 
amount  for  strong  beer,  and  this  weight  of  malt  giving  at  least  72  gallons, 
the  salt  derived  from  the  hops  cannot  in  bitter  beer  exceed  6*7  grains,  and 
in  strong  beer  3 '35  grains  per  gallon. 

Thus,  to  take  the  first  example  (p.  424),  the  original  gravity  of  which 
was  1040*2,  corresponding  by  the  tables  to  '9950  lbs.  of  malt  extract  per 
gallon.  Since  320  of  malt  equal  210  of  extract,  and  there  are  7000  grains 
in  the  pound — 

•9950  x  320  x  »025  x  7000 
210x100 

=  2*65  grains  of  salt  per  gallon  as  the  possible  maximum  from  the  malt, 
the  beer  in  question  not  being  a  bitter  beer.  Add  to  this  3*35  as  possible 
maximum  amount  of  salt  from  the  hops — 

2*65  from  malt, 
3*35  from  hops, 

6*00  salt  possible  from  both  malt  and  hops. 

1  Many  firms  now  use  large  copper  coolers,  but  no  injurious  amount  of  copper  appears 
to  have  been  as  yet  detected  in  beers. 

2  "  The  Amount  of  Salt  in  Beer."  Analyst,  No.  20,  1877. 
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Now,  if  the  composition  of  the  water  used  in  brewing  be  known,  one- 
third  more  than  the  actual  quantity  of  salt  in  the  water  present  may  be 
added  to  the  number  representing  the  salt  from  the  hops  and  malt,  and 
the  data  are  then  complete  for  the  analyst  to  form  his  judgment.  The 
amount  of  salt  in  the  water  used  will,  however,  only  occasionally  be  known. 

The  numbers  used  in  the  above  calculations  being  constants,  the  process 
is  shortened  by  simply  deducting  1000  from  the  original  gravity,  and 
multiplying  by  *066,  the  result  giving  the  salt  in  grains  per  gallon.  Thus 
taking  an  example  from  Mr.  Gatehouse's  excellent  paper : 1 — 

Per  cent. 

Beer  fouud  to  contain  alcohol,  5 '2 

Malt  extract  7  38 

Specific  gravity  of  alcohol  equals  '9911  ;  the  spirit  indication 

therefore  equals  8*9,  giving  an  original  gravity,  .      .  38*6 
Gravity  of  boiled  beer,   1030*6 

Original  gravity  of  wort,   1069*2 

Salt  due  to  malt  alone,   69*2  x  *066  -    4  '567 

Salt  due  to  hops,  3*350 

Salt  due  to  water,  unknown. 

Possible  total  due  to  malt  and  hops,  7*917 

The  amount  of  salt  actually  found  being  8*55. 

It  has  been  suggested  that  the  concrete  sugar  so  largely  and  legiti- 
mately used  by  brewers  sometimes  contains  a  considerable  amount  of 
chlorides.  If  samples  are  found,  occasionally,  with  more  than  a  trace  of 
chloride,  it  is  because  the  sugar  itself  has  been  prepared  for  the  brewers ; 
nor  can  there  be  any  difference  whether  the  brewer  adds  the  salt  as  salt, 
or  first  mixes  it  with  sugar.  However,  analytical  proof  of  sufficient 
chlorides  naturally  present  in  concrete  sugar,  to  raise  the  salt  in  beer  made 
from  ordinary  materials  to  over  50  grains  per  gallon,  is  wanting ;  and  all 
the  evidence  in  its  favour  has  been  derived  from  loose  statements. 

§  312.  Adulteration  of  Beer  tvith  Sugar. — In  48  and  49  Vict.,  c.  51, 
Sect.  8,  it  is  enacted — 

(1.)  A  brewer  of  beer  for  sale  shall  not  adulterate  beer,  or  add  any 
matter  or  thing  thereto  (except  finings  for  the  purpose  of  clarification,  or 
other  matter  or  thing  sanctioned  by  the  Commissioners  of  Inland  Revenue), 
before  the  same  is  delivered  for  consumption,  and  any  beer  found  to  be 
adulterated  or  mixed  with  any  other  matter  or  thing  (except  as  aforesaid) 
in  the  possession  of  a  brewer  of  beer,  for  sale,  shall  be  forfeited,  and  he 
shall  incur  a  fine  of  fifty  pounds. 

(2.)  A  dealer  in,  or  retailer  of,  beer  shall  not  adulterate  or  dilute  beer, 
or  add  any  matter  or  thing  thereto  (except  finings  for  the  purpose  of 
clarification),  and  any  beer  found  to  be  adulterated  or  diluted,  or  mixed 
with  any  other  matter  or  thing  (except  finings),  in  the  possession  of  a 
dealer  in,  or  retailer  of,  beer  shall  be  forfeited,  and  he  shall  incur  a  fine  of 
fifty  pounds. 

There  have  been  a  great  number  of  prosecutions  by  the  Excise  under 
this  Act,  either  for  the  offence  of  adding  sugar  to  or  diluting  the  beer.  It 
is  not  practicable  for  the  public  analyst,  in  the  absence  of  definite  standards, 
to  certify  to  either  sugar  or  water,  save,  of  course,  in  some  extreme  cases. 
The  Excise  authorities  are  able  to  detect  sugar  and  water,  because  they 
have  power  to  go  down  in  the  publican's  cellar  and  take  samples  of  beer  as 
it  has  been  delivered  from  the  wholesale  house,  and  also  of  the  same  beer 

1  Op.  cit. 
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prepared  for  retail.  The  authorities  are  thus  able  to  take  for  their 
standard  the  undoctored  beer,  and  to  calculate  the  amount  of  water  and 
sugar  per  barrel  (36  galls.)  which  has  been  added  to  the  doctored  beer. 

The  Detection  of  Arsenic  in  Beer,  Suyar^  and  other  Articles  of  Food. 

§  313.  So  long  ago  as  1879,  in  the  first  edition  of  this  work,  then 
published  under  the  title  of  "  A  Manual  of  Practical  Chemistry,  the  Analysis 
of  Foods,  and  the  Detection  of  Poisons,"  attention  was  called  to  the  possi- 
bility of  the  contamination  of  beer  by  arsenic  in  the  following  words : — 

"  It  is  possible  for  arsenic  to  be  found  in  beers  manufactured  from  glu- 
cose, for  in  certain  kinds  of  the  latter  arsenic  is  occasionally  discovered,  the 
substance  probably  having  been  introduced  by  the  use  of  an  arsenical 
sulphuric  acid  in  the  process  of  manufacture.  The  darker  the  colour  of 
the  glucose,  the  more  likely  is  it  to  be  arsenical ;  thus  Mr.  Bitter  found  : — 

Grm. 

In  white  glucose,     .       .       .    0*0105  areenlc  per  kilogrm. 
In  yellow    ,,        ...    0*0170      „  „ 
In  black      „         ...    0*1094      „  „ 

"  Clouet,  in  the  examination  of  a  very  large  number  of  arsenical  glucoses, 
found  as  a  minimum  0*0025  grm.,  as  a  maximum  0*0070  grm.,  as  a  mean 
0*0051  grm.  metallic  arsenic  per  kilogramme  (T.  Clouet,  "Du  glucose 
arsenical,"  Ann.  d'Hygvine  Publique,  xlix.,  Jan.  1878)." 

It  was  not  suspected  that  the  danger  was  more  than  a  possibility.  In 
the  latter  part  of  1900,  however,  a  remarkable  epidemic  of  peripheral 
neuritis,  in  many  cases  fatal,  broke  out  in  Lancashire  and  Staffordshire. 
The  numbers  affected  will  never  be  exactly  known,  but  in  Manchester  and 
Salford  alone  it  was  estimated  that  3000  persons  suffered. 

In  November  1900,  Dr.  E.  S.  Reynolds,  suspecting  the  disease  was  due  to 
arsenic,  and  observing  that  the  sufferers  were  all  beer  drinkers  and  most, 
though  not  all,  large  beer  drinkers,  had  the  beer  at  once  submitted  to 
careful  examination,  with  the  result  that  in  the  beer  drunk  by  the  patients 
arsenic  was  discovered  in  dangerous  proportions. 

It  was  next  proved  that  the  epidemic  was  limited  practically  to  persons 
who  drank  beer  from  a  particular  source,  and  farther  that  this  beer  was 
brewed  from  brewing  sugars  supplied  by  a  particular  Liverpool  firm. 

Various  samples  of  this  glucose  taken  from  breweries  showed  quantities 
of  arsenic  calculated  as  arsenious  oxide  of  from  '56  to  9'17  grains  per  lb. 
Invert  sugar  from  the  same  source  was  found  to  contain  from  1*66  to 
3 '21  grains  per  lb. 

It  was  found  farther  that  these  sugars  had  become  contaminated  by 
arsenic  by  the  use  of  an  arsenical  acid  supplied  by  a  Leeds  firm ;  various 
specimens  of  this  acid  contained  from  1'4  to  2*6  per  cent,  of  arsenious 
oxide. 

The  epidemic  excited  such  general  attention  that  a  Royal  Commission 1 
was  appointed  in  February  1901,  and  issued  a  valuable  first  report  in  the 
same  year,  in  which  various  recommendations  were  made.  With  regard  to 
the  mode  in  which  arsenic  may  gain  access  to  beer  the  Commission  found 
that  this  may  occur  in  the  following  three  ways : — 

1  "First  Report  of  the  Royal  Commission  appointed  to  enquire  into  Arsenical 
Poisoning,"  1901. 
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1.  "By  way  of  Brewing  Sugars. — If  an  arsenical  mineral  acid  is  used  in 
the  manufacture  of  glucose  from  starch  or  invert  sugar  from  cane  sugar, 
these  products  are  liable  to  be  contaminated  with  arsenic. 

2.  "  By  way  of  Malt. — Grain  exposed  to  the  products  of  combustion  is 
liable  to  be  contaminated  with  arsenic. 

3  "  In  other  ways. — Other  ingredients  of  beer,  such  as  chemical  sub- 
stances used  for  various  purposes,  are  liable,  from  their  mode  of  preparation, 
to  contain  arsenic,  and  we  have  found  minute  quantities  have  been  in  some 
instances  introduced  in  this  way." 

§  314.  Gutzeit's  Test  for  Arsenic. — Arseniuretted  hydrogen  produces  a 
yellow  to  dark  orange  stain  if  passed  over  paper  which  has  been  treated 
with  mercuric  chloride ;  the  depth  of  colour  has  a  relationship  to  the  amount 
of  arseniuretted  hydrogen. 

This  is  the  principle  of  Gutzeit's  test. 

The  method  of  performing  the  test  is  as  follows: — Squares  of  thin 
Swedish  filter-paper,  of  about  4  cm.  sq.,  are  cut  and  prepared  by  dropping 
on  the  centre  of  each  square  a  large  drop  of,  say,  a  5  per  cent,  solution  of 
mercuric  chloride ;  the  squares  are  allowed  to  dry,  and  are  then  ready  for 
use.  A  suitable  quantity  of  the  liquid  to  be  tested,  e.g.%  50  to  100  c.c, 
are  acidified  by  adding  from  5  to  10  c.c.  of  arsenic-free  hydrochloric  acid 
and  half  a  c.c.  of  a  15  per  cent,  solution  of  cuprous  chloride.  A  rod  (or 
some  pieces)  of  arsenic-free  zinc  is  added,  the  resulting  gas  passed  through 
sugar  of  lead  solution  and  allowed  to  impinge  upon  the  mercuric  chloride 
paper.  The  test  may  be  made  to  a  certain  extent  quantitative  by  evolving 
arseniuretted  hydrogen  from  known  quantities  of  arsenious  acid.  Mr. 
Edward  Dowzard 1  has  devised  a  very  neat  series  of  absorption  cells  which 
are  fitted  into  the  neck  of  an  ordinary  flask ;  the  cells  are  charged  with 
lead  acetate  solution,  and  thoroughly  free  the  gas  from  sulphuretted 
hydrogen;  the  last  cell  is  capped  with  the  prepared  mercuric  chloride 
paper.  The  test  is  not  affected  by  antimony,  selenium,  or  tellurium ;  it 
is  capable  of  detecting  less  than  one  200th  of  a  mgrm.  of  As2Os. 

§  315.  ReinscWs  Test  for  Arsenic. — The  test  is  by  far  the  most  convenient 
for  detecting  arsenic,  whether  in  organic  or  inorganic  liquids.  When 
properly  performed  it  is  capable  of  detecting  with  certaiuty  less  than  one 
tenth  of  a  milligrm.  of  arsenic ;  hence  it  may  be  confidently  recommended 
to  the  Food  Analyst  for  the  purpose  of  sorting  out  a  number  of  samples 
into  "practically  arsenic  free"  and  otherwise. 

As  a  qualitative  test  Reinsch's  method  is  performed  as  follows  : — copper 
gauze  or  copper  foil  is  oxidised  in  the  air  by  heating  it  in  a  tube,  open  at 
both  ends,  to  a  gentle  red  heat.  The  oxide  film  is  then  dissolved  off  by  a 
few  seconds'  contact  with  nitric  acid;  the  copper,  washed  with  water, 
is  then  chemically  clean,  and  should  show  a  bright  surface.  A  piece  of 
copper  thus  prepared,  about  1  inch  x  \  inch,  is  suspended  by  a  thin 
platinum  wire  in,  say,  from  50  to  100  c.c.  of  the  liquid  to  be  examined, 
acidified  with  dilute  pure  hydrochloric  acid,  and  very  gently  boiled  for  20 
minutes.  The  copper  is  from  time  to  time  examined,  and  should  a  dark 
brown  or  black  stain  be  produced,  this  may  be  caused  by  sulphur,  by 
antimony,  by  arsenic,  by  organic  matter,  and  by  other  substances.  The 
copper  is  washed  with  alcohol  and  with  water  and  dried  at  a  gentle  heat. 
It  is  then  dropped  into  a  glass  tube  closed  at  one  end,  or,  better  still,  placed 
in  a  subliming  cell  consisting  of  a  ring  of  glass  closed  by  a  circle  of  thin 
microscope  covering  glass,  supported  on  a  porcelain  crucible  lid,  and  the 
1  Jcmrn.  CHem.  Soc.  (.Trans.V 
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copper  heated  almost  to  a  dull  red  heat.  If  arsenic  be  present,  the  arsenic 
sublimes  as  arsenious  acid  crystals. 

These  crystals  are  for  the  most  part  regular  octahedra,  with,  it 
may  be,  a  mixture  of  rectangular  prisms ;  irregular  and  confused  forms 
also  are  not  unfrequent,  but,  under  the  circumstances,  a  distinct  crystalline 
sublimate  from  copper  coated  in  the  manner  described  can  be  nothing 
else  but  arsenious  acid. 

Should  an  attempt  be  made  to  make  the  test  a  quantitative  one,  the 
process  suggested  by  Mr.  John  Clarke 1  is  convenient.  The  strip  of  copper 
coated  with  arsenic  is  removed  from  the  liquid  and  a  second  slip  inserted. 
The  coated  slip  is  washed  with  alcohol  and  then  with  water.  It  is  then 
placed  in  a  mixed  dilute  aqueous  solution  of  potash  and  peroxide  of 
hydrogen,  and  allowed  to  remain  in  the  cold  until  the  film  is  dissolved  and 
the  copper  has  regained  its  original  brightness.  If  the  second  slip  of 
copper  is  stained,  this  is  digested  in  the  same  liquid,  while  the  first  cleaned 
slip  is  gently  boiled  with  the  liquid  under  examination,  and  the  process 
is  repeated  alternately  with  the  two  slips  of  copper  until  no  more  staining 
is  observed.  The  alkaline  oxidising  liquid  is  now  boiled,  and  the  sm;ill 
amount  of  CuO  that  may  be  formed  is  filtered  off.  The  filtrate  is  boiled 
to  a  small  bulk.  This  concentrated  liquid  is  washed  into  a  small  distilling 
flask  with  strong  arsenic-free  hydrochloric  acid,  some  ferrous  chloride 
added,  the  flask  fitted  with  a  safety  tube  and  connected  with  a  small  worm 
condenser,  an  inverted  calcium  chloride  tube  attached,  and  the  chloride  of 
arsenic  distilled  over.  It  is  advisable  to  distil  down  twice  with  strong 
hydrochloric  acid.  Then  hydric  sulphide  gas  is  passed  into  the  distillate ; 
there  will  be  a  precipitate  if  more  than  one-tenth  of  a  milligramme  be 
present ;  a  yellow  colour,  more  or  less  deep,  according  to  quantity,  if  less 
than  one- tenth  be  present.  Even  so  little  as  one-thousandth  of  a  milli- 
gramme of  arsenic  sulphide  gives  a  faint  yellow  colour.  These  small 
quantities  may  be  estimated  colori metrically  by  having  a  comparison 
solution  containing  known  small  quantities  of  arsenious  acid  and  imitating 
the  colour  in  the  same  manner  as  in  the  Nessler  process  (described  in  the 
chapter  on  '  Water ' ). 

§  316.  The  Marsh  Berzelius  Process,  as  recommended  by  the  Joint- 
Committee  of  the  Society  of  Public  Analysts  and  the  Society  of  Chemical 
Industry,  is  as  follows : — 

(1)  Purification  of  Materials. 

Hydrochloric  Acid. — The  original  report  suggested  the  dilution  of  the 
acid  before  treatment,  but  this  dilution  had  the  effect  of  partially  retaining 
any  arsenic.  It  is  now  2  recommended  to  use  the  strong  acid  of  commerce, 
to  add  about  5  c.c.  of  bromine  per  litre,  then  sulphur  dioxide  in  excess 
either  as  gas  or  in  solution.  The  liquid  is  allowed  to  stand  twelve  hours, 
and  one-fifth  is  then  distilled  over.  The  remainder  in  the  retort  is  arsenic- 
free. 

Sulphuric  Acid. — Half  a  litre  of  the  purest  sulphuric  acid  obtainable 
is  diluted  with  four  volumes  of  water,  a  few  grms.  of  sodium  chloride 
added  and  distilled  ;  the  first  50  c.c.  contains  any  arsenic  present,  and  is 
rejected. 

Zinc. — Arsenic-free  zinc  may  be  obtained  by  melting  zinc  and  adding 
sodium  to  the  molten  mass.  The  whole  of  the  sodium  must  be  got 
rid  of  by  volatilisation  and  by  skimming  off  the  scum  from  time  to  time. 

1  Joum.  Chem.  Soc.  (Trans.),  1893. 

2  Analyst,  Feb.  1902,  xxviL,  48,  210, 
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Mr.  William  Thomson,  among  others,1  criticises  the  methods  of  the 
Committee  for  the  purification  of  the  two  acids.  He  prefers  to  dilute 
hydrochloric  acid  with  one-third  of  its  volume  of  water,  to  add  one 
grin,  of  chromic  acid  per  litre  and  to  distil.  The  distillate  is  arsenic-free  ; 
it,  however,  contains  chlorine.  This  is  got  rid  of  by  passing  dry  filtered 
air  through  it  for  about  half  an  hour. 

Sulphuric  Acid  is  similarly  purified  by  adding  either  1  grm.  of  chromic 
acid  or  the  same  quantity  of  potassium  permanganate  and  distilling,  the 
first  portion  being  rejected  on  account  of  possible  contamination  of  the 
neck  of  the  non-tubulated  retort  in  which  the  operation  is  performed. 
The  distillate  is  arsenic- free. 

Apparatus. — The  apparatus  recommended  by  the  Joint-Committee 
presents  nothing  special.  A  200  c.c.  flask  is  fitted  with  a  doubly  perforated 
cork  or  indiarubber  stopper  or  a  glass  stopper  ground  in.  The  one 
perforation  carries  a  tapped  funnel  holding  about  50  c.c.  and  an  exit  tube. 
To  the  exit  tube  is  fitted  a  wide  bit  of  tubing  carrying  in  succession  a  roll 
of  blotting-paper  which  has  been  soaked  in  acetate  of  lead  solution  and 
dried,  a  wad  of  cotton-wool,  granulated  calcium  chloride,  and  a  second 
wad  of  cotton-wool.  To  this  tube  is  fitted  a  hard  glass  tube  having  an 
external  diameter  of  *092  inch,  as  in  the  ordinary  Marsh  apparatus. 

The  operation  is  performed  as  follows  : — 20  grms.  of  arsenic-free  zinc, 
well  washed,  are  placed  in  the  bottle,  and  a  sufficient  quantity  of  acid  run 
in  to  cause  a  brisk  evolution  of  hydrogen.  After  all  air  has  been  expelled 
an  inch  of  the  tube  close  to  the  constriction  is  brought  to  a  red  heat.  To 
assist  the  distribution  of  the  heat  the  tube  may  be  conveniently  supported 
and  protected  by  copper  gauze.  The  evolution  of  gas  is  kept  up  by 
adding  more  acid  from  time  to  time,  and  the  gas  allowed  to  stream  through 
the  red  hot  tube  for  half  an  hour.  No  mirror  should  result  if  the  materials 
are  arsenic-free.  Standard  mirrors  are  made  by  taking  known  quantities 
of  arsenious  oxide  in  solution,  adding  them  to  the  flask,  and  evolving  the 
gas  as  thus  described.  The  quantities  recommended  for  standards  are 
•004  mgrm.,  '006  mgrm.,  '008  mgrm.,  and  *01  mgrm.  of  arsenious 
acid. 

These  mirrors  are  sealed  off  while  the  hydrogen  gas  is  flowing,  and 
mounted  on  cardboard.  It  is  pointed  out  by  the  Committee  that  HC1 
gives  better  results  than  sulphuric  acid,  and  that  if  sulphuric  acid  is  used 
standard  mirrors  must  then  be  made  by  the  use  of  H2S04.  In  other 
words,  standard  mirrors  are  not  reliable,  save  when  they  are  produced 
under  the  exact  conditions  to  be  employed  when  testing  a  solution  of 
unknown  strength. 

The  Committee  state  that  organic  materials  may  be  tested  by  the 
hydrochloric  acid  method  without  previous  destruction,  though  it  is 
preferable  to  destroy  organic  matter. 

Liquids  to  be  tested  without  destruction  of  organic  matter,  such  as 
beer,  must  be  added  in  very  small  quantities  at  a  time. 

Malt  is  tested  by  placing  50  grms.  in  a  separator  funnel  furnished  with 
a  stopcock,  and  adding  50  c.c.  of  HC1  and  50  c.c.  of  water  warmed  to 
50°  C.  The  whole  is  allowed  to  digest  for  about  twenty  minutes,  with 
frequent  shaking,  and  then  the  acid  solution  separated.  Every  20  c.c. 
contains  the  arsenic  from  10  grms.  of  malt. 

In  a  similar  manner  20  grms.  of  hops  may  be  tested. 

In  all  these  cases  10  c.c.  of  the  liquid  and  10  c.c.  of  HC1  are  added  to 
1  British  Food  Journal,  ivM  170. 
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the  flask  containing  the  zinc  and  hydrogen,  and  the  gas  is  developed  during 
twenty  minutes. 

If  no  mirror  appears,  another  10  c.c.  are  added,  and  so  forth. 

Destruction  of  Organic  Matter. — There  are  two  methods — (1)  destruction 
by  an  acid ;  (2)  burning  up  the  organic  solid  mixed  with  lime  or 
magnesia. 

(1)  Tlie  Acid  Method. — 10  grms.  of  the  substance  are  placed  in  an  8 
centimetre  porcelain  crucible,  and  covered  with  from  10  to  15  c.c.  of  pure 
redistilled  nitric  acid.  The  crucible  is  heated  on  a  sand-bath  until  all  the 
acid  is  expelled  and  the  crucible  contains  a  black  perfectly  charred  and 
nearly  dry  mass ;  the  contents  of  the  crucible  are  now  extracted  with  a 
few  c.c.  of  dilute  HC1,  the  whole  being  allowed  to  digest  on  the  water-bath 
for  half  an  hour.  The  contents  are  filtered,  the  charred  mass  washed  with 
hot  water,  and  the  filtrate  concentrated  down  to  about  30  c.c,  cooled,  and 
tested  in  the  Marsh  apparatus. 

(2)  Tlie  Basic  Method. — The  materials  are  mixed  with  pure  lime  or 
magnesia,  dried  and  incinerated.  The  proportions  recommended  for  such 
liquids  as  beer  are  1  grm.  for  every  20  c.c.  The  ash  is  dissolved  in  HC1, 
aud  the  solution  tested  as  before.  The  Committee  do  nof  recommend  this 
method  for  hops. 

To  prove  that  the  mirror  is  due  to  metallic  arsenic,  the  sealed-up  tube 
is  broken.  The  portion  of  the  tube  containing  the  mirror  is  cut  off,  the 
hydrogen  replaced  by  air  and  carefully  sealed  up ;  the  sealed-up  tube  is 
drawn  backwards  and  forwards  through  the  Bunsen  flame  until  the  mirror 
disappears.  On  cooling,  minute  crystals  of  arsenious  oxide  are  deposited, 
which  are  readily  identified  under  the  microscope  by  their  crystalline 
form. 

The  delicacy  of  the  test  is,  with  quantities  of  20  grms.  or  20  c.c,  one 
part  of  arsenious  oxide  in  7,000,000. 

§  317.  Mr.  William  Thomson  has  introduced  various  modifications  into 
the  method  of  the  Committee.  Electrolytic  zinc,  usually  contaminated 
with  iron,  is  granulated,  treated  with  acid,  and  the  feathery  portions  (which 
do  not  become  black  on  the  surface  when  treated  with  an  acid,  and  yield 
very  little  effervescence)  are  picked  out.  These  feathery  portions  are,  as  a 
rule,  free  from  iron  and  arsenic. 

On  the  addition  of  an  acid  the  evolution  of  hydrogen  is  slow,  but  to 
remedy  this  defect  Mr.  Thomson  adds  a  small  quantity  of  sulphate  of 
copper  solution,  which,  by  electrolytic  action,  produces  a  brisk  stream  of 
gas. 

He  uses  a  smaller  flask  (50  c.c.)  than  that  recommended  by  the 
Committee,  and  instead  of  a  tap  grinds  the  end  of  a  solid  rod  into  the 
thistle  funnel  (see  fig.  66a).  The  gas  passes  over  blotting-paper  which  has 
been  soaked  in  lead  acetate  solution  and  dried  in  a  similar  way  to  that 
recommended  by  the  Committee. 

In  testing  beers  and  organic  solutions  generally,  he  destroys  the  organic 
matter  as  follows : — 

50  c.c.  of  beer  are  evaporated  to  a  syrup  in  a  200  c.c.  Jena  glass  flask 
and  25  c.c  of  strong  pure  nitric  acid,  and  5  c.c.  of  strong  sulphuric  acid  are 
added.  The  whole  is  heated  cautiously  on  a  sand-bath,  the  fumes  being 
sucked  through  a  solution  of  soda  by  means  of  a  water  pump.  When  the 
liquid  darkens,  successive  quantities  of  3  c.c.  of  nitric  acid  are  added  until 
the  fluid  is  colourless  and  fumes  of  sulphuric  acid  are  given  off. 

The  liquid  is  cooled,  10  c.c.  of  water  are  added^  and  the  Uc^vd  \a>  V»\\ssjL 


8  3IH,  Herntrnjt'*  Method. — J.  C.  Bcrntrop1  has  proposed  the  following 
process: — To  ft  litre  of  the  l>ccr  add  a  few  drops  of  bromine,  and  allow  to 
Htiuifl  twenty-four  hours.  Then  make  the  beer  strongly  alkaline  with 
ammonia,  acid  5  c.c.  of  a  saturated  solution  of  sodium  phosphate  and  10 
c.c.  of  the  ordinary  magnesia  mixture,  and  allow  to  settle  for  twenty-four 

1  Chem.  Nr.wt  March  14, Ztit.f.  anal.  Chcmic,  1902,  11. 
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hours.  -The  clear  liquid  is  poured  off,  the  precipitate  transferred  to  a  filter 
as  far  as  possible,  then  dissolved  off  the  filter  hy  a  warm  solution  of  20 
per  cent,  sulphuric  acid.  The  solution  is  run  into  the  flask  which  contained 
the  original  precipitate  for  the  purp"  •  1  i  hun:  ml  lie  ring  crystals. 
The  solution  is  now  heated  in  a  Kjeldahl  flask,  a  little  nitric  acid  being 
added  from  time  to  time.  The  heating  is  continued  until  sulphurous  add 
begins  to  escape  and  the  liquid  in  colourlw- 

The  solution  is  now  placed  in  a  Marsh's  apparatus,  and  any  arsenic 
present  detected  in  the  usual  way. 


Fic.  t]«6, 


The;  advantages  of  the  method  arc  obvious.  Considerable  quantities 
of  organic  liquids  can  be  dealt  with*  The  arsenic,  if  present,  is  concentrated 
as  am monio  magnesia  arsenate!  and  falls  with  the  ammonio-magncsian 
phosphate.  The  ultimate  solution  contains  no  organic  matter.  On  tike 
other  hand,  it  is  not  to  be  relied  upon  as  a  quantitative  process,  the 
ammonio-magnesia  arsenate  not  being  absolutely  insoluble  in  the  presence 
of  alkaline  chlorides,  which  always  occur  in  beer. 
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%  319.  C'm*Ht*i*nt4  of  Wine. — Wine  U  the  fermented  juice  of  the 
grape,  with  Mich  addition*  only  aa  are  essential  to  the  stability  or  keepioir 
of  the  liquid  (I/upr*).  The  const  it  uent>.  of  grape  jT::ce  and  wine  may  be 
arranged  and  corufjared  as  follow  <s :  - 


Mr;*T. 


Water. 

Graj*  tugar. 


Albuminoid  bodies. 


Hydro- potassic  tartrate. 

Tartrate  of  lime. 

Vegetable  mucus. 
Gum. 

Malic  acid  fin  had  seasons). 

Halt*  of  ammonia  and  of  similar  base*. 

Hmall  mixtures  of  colouring-matters. 

Organic  acids  in  combination  and 
certain  extractive  matters. 


t  iny-.  0  : .  *rveral  per  ce:*t.} 

Alcohols  maibly  ethy'ic,  but  also 
nTiia1.!  quantities  of  the  higher 
alcohols,  sTich  a»  propylic,  burylic, 
amvlic,  and  others  . 

R^idues  of  albuminoid  bodies. 

Aldehydes  'mainly  ethylic). 

Isobutylglycol.1 

AceuL 

Farfurol. 

Acetic  acid. 

Succinic  acid. 

S  Tartrate  of  lime,  j  In  smaller  proj»or- 
i  Tartaric  acid,     \  tions  than  in  'Must' 


Mineral  matter*.  * 


Gum. 

Malic  acid  (in  bad  seasons;. 

Colouring-matters. 
Glycerin. 

Organic  matters  in  combination  and 
certain  extractive  matters. 

Esters— Acetic,  caproic,  caprylic, 
butyric,  and  tartaric  esters  have 
been  identified  Recently  small 
quantities  of  salicylic  acid  (0*8 
mgrm.  per  litre)  have  been  de- 
tected in  Portuguese  absolutely 
genuine  wines.2 

Tannin. 

Mineral  matters. 

A  few  ferment  cells  and  similar  forma. 


1  A*  Hennlnger,  operating  on  60  litres  of  Bordeaux,  succeeded  in  isolating,  by  fractional  distilla- 
tion, 0  grins,  of  isobutylglycol,  boiling  point  178*-6  C.   Making  a  correction  (or  the  glycol  carried 


away  by  aqueous  vapour,  ne  considers  the  amount  in  wine  to  be  equal  to  0*05  per  cent.,  or  about  one- 
iftfttmh  of  the  glycerin.  (Comptss  Rendu*,  icv.,  94-96.) 
■  Mt.f.  antrtyti«she  CkemU,  1902,  64. 

•  Among  the  mineral  matters  of  the  grape,  and,  therefore,  generally  also  in  wines,  is  a  small 
qmaBttty  of  boric  acid.  The  mineral  matters  of  the  ash  of  eighteen  samples  of  grape  juice  have  been 
 — "   ■ ,  determined  by  Mr.  Garter  Bell,  Analyst  (November,  1881);  the  chief  results  are  as 


1! 

i 

i 

1 

!  Sulphuric 
Acid. 

L 

Bp's 

Lime. 

& 

s 

1 

3 

H 

_£_ 

Alumina 
Phosphate. 

Lime 
Phosphate. 

Silica. 

Maximum, 
Minimum. 
Mean, 

54 -24 

81*28 
4214 

10*54 
•29 
8*87 

8*89 
•29 
1-09 

18-68 
314 
914  ' 

7  28 
•22 
8-00 

13-99 

•66  . 
4*66  , 

12-67  ' 

•96 
967 

168 
•05 
•63 

3-85 
•05 
•87 

2373 
3-13 
1278 

•08 
•08 
•29 

This  may  be  compared  with  the  mineral  constituent*  ot  wine  given  at  p.  468. 
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§  320.  Changes  taking  place  in  Wine  through  Age. — Berthelot1  has 
made  several  analyses  of  wines  100  and  45  years  old  respectively,  which 
are  interesting  as  contributing  to  more  accurate  knowledge  regarding  the 
effect  of  age  upon  wine.  The  wines  were  both  samples  of  Port.  The  one 
100  years  old  had  a  large  deposit  of  colouring-matter,  and  was  yellow ;  the 
colour  of  the  second  sample  was  dark,  but  yet  lighter  than  that  of  new 
wine.    The  results  of  the  analyses  are  as  follows : — 


Port  wine.  Port  wine. 

100  yean  old.  46  yean  old. 

Specific  gravity  (at  10°  C),        ....       '988  '991 

Total  residue  at  1 00°  C. ,  3  '36  5  '30 

Sugars,  reducing,                                           1*25  3*15 

Sugars,  after  the  action  of  dilute  acid,     .       .     1*29  3  68 

Acid,  calculated  as  tartaric  acid,  grms.  per  litre,     5*17  5  '46 

Tartaric  ether  1*11  1-17 

Cream  of  tartar,  -27  '42 

Alcohol,  per  cent. ,  15*9  16*1 

The  analyses  of  the  deposits  gave  the  following  results : — 

Wine,  Wine, 

100  yean  old.  46  yean  old. 

Sugar,  reducing,                                            1*25  3*15 

Cane-sugar,  '04  '53 

Pure  acids,  '51  '52 

Acids  as  ethers,  *27  *28 

Cream  of  tartar  '03  '04 

210  4  52 

Glycerin  and  other  matters,    .      .             .1*16  '98 


This  research  of  Berthelot's,  as  well  as  the  more  recent  investigations 
of  Schmidt,2  show  that  there  is  a  gradual  deposit  of  the  colouring-matter, 
and  that  some  of  the  sugar  has  disappeared  from  the  old  wine,  which  gives 
a  smaller  residue.  Cane-sugar  is  practically  absent  in  the  sample  100 
years  old,  a  fact  which  Berthelot  interprets  as  confirmatory  of  his  observa- 
tion of  the  slow  invertive  action  of  inorganic  acids  on  cane-sugar.  The 
alcohol  is  lower  in  old  wines  than  new,  and  the  acidity  tends  to  diminish, 
the  acids  combining  with  alcohols  to  produce  esters.  The  experiments  of 
Macagno  may  also  be  here  cited,  from  which  it  appears  that  in  wines  of 
the  same  class  the  tannin  decreases  through  age,  while  the  glycerin  in- 
creases. 

§  321.  Adulterations  of  Wine. — The  adulterations  of  wine  are  as 
follows : — Watering,  fortifying  with  spirit,  fortifying  and  watering,  the 
addition  of  various  fermented  liquids,  such  as  wines  of  low  value  to  those 
of  high  value — that  is  to  say,  alcoholic  liquids  made  from  the  fermentation 
of  glucoses  or  various  sugars,  or  wines  made  from  raisins  or  figs  to  wines 
made  from  the  grape — the  mixing  or  blending  of  wines  (this  may  be  a 
necessary  operation  in  some  cases,  in  others  it  takes  the  form  of  sophistica- 
tion, when  wines  of  higher  quality  are  mixed  with  wines  of  low  quality  and 
sold  as  wines  of  the  higher  quality),  plastering,  the  addition  of  bi tartrate 
of  potash  and  ethers  (such  as  oenanthic  ether)  to  give  a  fictitious  appearance 
of  age,  the  addition  of  alum  to  brighten  the  colour,  the  artificial  colouring 
of  wines,  the  addition  of  antiseptics  (such  as  salicylic  acid),  and  the  addition 
of  fluoborates  or  fluosilicates. 

§  322.  TJie  Analysis  of  Wine. — The  analysis  may  be  divided  con- 
veniently into : — I.,  Physical  characters  ;  II.,  the  estimation  and  qualitative 
detection  of  constituents  volatile  at  or  below  100°  C. ;  III.,  estimation  and 
1  Comptes  Rendus,  lxxxviii.,  1879,  626.  2  Die  Weine.    Berlin,  1893. 
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identification  of  matters  not  volatile  at  100°  C. ;  IV.,  the  estimation  of  the 
total  constituents  of  the  mineral  matters  of  the  ash,  and,  similarly,  the 
identification  and  estimation  of  the  separate  constituents  of  the  ash. 

I.  Physical  Characters. — This  embraces  the  specific  gravity  and  the 
action  on  polarised  light. 

II.  Constituents  Volatile  at  or  below  100°  C. — This  embraces  the  estima- 
tion of  alcohol,  volatile  esters,  sulphurous  acid,  aldehyde-sulphurous  acid, 
volatile  acid,  and,  as  far  as  practicable,  the  identification  of  the  constituents 
comprised  under  those  names. 

III.  Constituents  not  Volatile  at  or  below  100°  C — This  embraces  total 
extract,1  total  fixed  acid,  free  tartaric  acid,  sugars,  potassic  tartrate,  fixed 
esters,  glycerin,  potassic  sulphate,  tannin,  and  colouring  matters. 

IV.  Tfie  Ash. — Special  processes  may  be  required  for  the  detection  and 
estimation  of  some  of  the  adulterants  mentioned. 

The  Table  LI.  gives,  according  to  this  plan,  the  results  of  the  analysis 
of  a  number  of  wines  of  considerable  age  and  high  price  analysed  by 
Dr.  Conrad  Schmidt.2  The  Table  LII.  gives  a  number  of  analyses  by 
Dr.  Dupre\ 

I.  Physical  Characters. 

The  specific  gravity  and  polarimetric  estimations  are  made  on  similar 
lines  to  those  already  detailed  under  '  alcohol '  or  4  sugar/ 


II.  Constituents  Volatile  at  or  Below  100°  C.8 

Alcohol. — Wines,  in  regard  to  their  alcoholic  content,  may  be  divided 
into  two  classes — viz.,  natural  wines,  the  strength  of  which  has  not  been 
increased  by  the  addition  of  spirit ;  and  fortified  urines,  such  as  those  of 

i  £.  Riegler  (Zeit.  f.  anal.  Ckemie,  1896,  27)  has  published  an  easy  and  rapid  method 
of  determining  the  amount  of  alcohol  and  extract  in  wine.  The  refraction  is  taken  of 
the  wine  by  means  of  an  Abbe's  or  a  Pulfrich's  refractometer  ;  the  alcohol  is  next  got  rid 
of  by  boiling  a  measured  quantity  ;  after  cooling  and  making  up  with  water  to  the 
original  bulk  the  refraction  is  again  taken.  He  finds  that  a  gramme  of  extract  in  100 
c.c.  of  wine  raises  the  refraction  beyond  that  of  water  0*00145,  and  1  grm.  of  alcohol  in 
100  c.c.  of  wine  raises  the  refraction  0*00068.  If  N  =  the  refraction  of  the  undistilled 
wine ;  a,  the  refraction  of  the  distilled  pure  water ;  a  +  by  the  refraction  of  the  wine 

freed  from  alcohol  and  made  up  to  the  original  volume,  then  —  -     +  Q  =  alcohol  in 
r  °  0*00068 

grms.  per  100  c.c.  of  wine  and  q.qq^  extract  in  100  c.c  wine. 

a  "Die  Weine  des  herzoglich  nassauischen  Cabinetskeller,"  by  H of rath  Dr.  Conrad 
Schmidt.    Berlin,  1893. 

3  The  General  Process  of  J.  Nessler  and  M.  Barth  (Zeit.  anal.  CJiem.. 
1882,  48). 

Solid  Residue. — The  authors  evaporate  two  separate  quantities  of  wine,  the  one  with 
the  addition  of  a  measured  quantity  of  titrated  baryta-water,  the  other  without  any 
addition  ;  the  baryta-water  mixture  is  dried  at  110°-115°  C.  for  eight  hours— the 
addition  fixes  volatile  acid  and  glycerol.  The  second  portion  is  simply  dried  at  100°  C. 
in  a  current  of  dry  air  ;  the  difference  between  the  two  determinations,  correction  being 
made  for  the  baryta,  represents  glycerol  and  volatile  acid. 

Effects  ou  Polarised  Light.— Neubauer  has  shown  that  perfectly  fermented  wine 
scarcely  polarises  light,  but  if  the  wine  has  been  imperfectly  fermented  the  plane  of 
polarisation  is  turned  to  the  left  On  the  other  hand,  wines  sweetened  with  potato-sugar 
contain  a  considerable  proportion  of  dextro-rotatory  non-fermentable  substances.  The 
dextro-rotatory  substances  natural  to  wine  are  insoluble  in  strong  alcohol,  whilst  the 
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TABLE  LL— Giving  the  Chief  Results  op  Schmidt's  Analyses  (1888-1892) 
op  certain  Fine  and  Exceptionally  Valuable  Old  Wines. 

Parts  by  weight  per  litre. 


Physical  Characters. 

Specific  gravity. 

Min.,  ... 
Max.,  .... 

Mean,  .... 

Polarisation— 200  mm.  tube. 
(Expressed  iu  Wild's  degrees.) 
Min.,  .... 
Max.,  .... 

Mean,  .... 


Constituents  volatile  below 
100°  C. 

Alcohol. 

Min  

Max.,  

Mean,  

Volatile  Esters. 

(Expressed  in  c.c.  of  d.  n.  KHO.) 

Min.,  

Max.,  

Mean,  

Aldehyde-sulphurous  acid. 
(In  grniB.  of  802.) 

Min.,  

Max. ,  

Mean,  

Volatile  acid. 

(Expressed  as  acetic  acid.) 

Min  

Max.,  

Mean,  


Constituents  not  volatile  at 
100°  C. 

Extract. 

Min.,  

Max.,  

Mean,  

Total  Tartaric  acid. 

Min  

Max.,  

Mean,  

Free  Tartaric  acid. 

Min.,  

Max  

Mean,  


Hoch- 
eimer. 
9  samples. 

(1706-1868). 


0*9981 
1-0044 

1*0105 


+  0-16° 
+  0-49° 
+0-33° 


Stein- 
berger. 
19  samples. 

(1811-1873). 


I 


37-6  (1706), 
767  | 
56*3 


27-6 
50-4 


0-059 
0*223 
0125 


1-01 
2*32 
1*44 


25-43 
2779 
2750 

2-  31 

3- 96 
272 

0-  63 

1-  35 
0*84 


0- 9982 

1-  0025 
0-9990 


+  0-05° 
+  1-60° 
+0-39° 


43-7 
92-9 
677 


17-2 
43-0 
327 


0*069 
0-245 
0170 


1-10 
2  42 
1-52 


20-98 
42*31 
29*5 

1-74 
3-32 
2*51 

0*51 
1-02 
071 


liarko- 

brunner. 
7  samples. 

(1822-1868). 


0- 9983 

1-  0018 
0*9997 


+  0-30° 
+  1-32° 
+0-59° 


49*4 
90*0 
744 


15-6 
49*2 

34  4 


0-059 
0  214 

0172 


1- 20 

2-  15 
1-67 


23-48 
44*06 

3178 

2-  03 

3- 09 
2*26 

0-39 
0-72 
0-67 
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TABLE  LI. — continued. 


Hoch- 
eiraer. 

9  samples. 

(1706-1868). 

Stein- 
berger. 

19  samples. 

(1811- J  old). 

Marko- 
b  runner. 
7  samples. 

/I  coo  iooj\ 

Rudes- 
helmer. 
11  samples. 

(lool-looUj. 



PVinct  itnon  to  Tint  Yrnlat'lA  at 

<nn°  f*  _^yn tint I*r1 



Total  fixed  acid  reckoned  us  t&r* 

taric  acid. 

Min 

2*97 

4*10 

4*13 

3*80 

Mot 

5*94 

6*44 

5*16 

5*40 

1*A9 

4*78 

4*67 

Tannin  and  colouring  matters* 

Min 

0*19 

0*22 

0*23 

0*16 

Max 

071 

0*45 

0*68 

0*66 

U  09 

u  oo 

0  42 

0*28 

Fixed  ester. 

(Expressed  in  c.c.  of  d.  n.  KfiO.) 

Min 

134*1 

144*4 

128*4 

118*8 

Mat 

257  *6 

488*8 

446*4 

436  0 

Was  n 

IRQ  "7 

loo  1 

AM  9 

971  *fl 

tmJL  O 

Glycerin. 

Min 

lO  vv 

JLv  01 

11*70 

9*79 

Max.,  

15*81 

18*76 

22*55 

24*46 

Mean,  

12  62 

14*64 

16*29 

14-63 

Potassic  sulphate. 

Min.,  

0*76 

0*59 

0*44 

0*47 

1*63 

119 

152 

1*20 

116 

•86 

078 

073 

Ash. 

Min.,  

2*19 

1*78 

2-13 

1*87 

Max  

2*67 

2*59 

2*45 

2*60 

265 

2*24 

2-26 

2-23 

Numerical  Relations  op  certain  Constituents. 

Glycerin:  Alcohol. 

(Alcohol  =  100.) 

18*3 

14*1 

15*9 

16*8 

30*7 

32*3 

26*1 

29*5 

23*5 

21*5 

21-5 

20*5 

Volatile  acid  :  Total  acid. 

(Total  acid  =  100.) 

15*6 

12*6 

13*2 

16*7 

Max  

34-8 

38*4 

31*6 

31*3 

217 

23'4 

25*8 

22*2 

Volatile  ester  to  alcohol. 

(Alcohol  =  100.) 

17*4 

Min  

52-9 

88*5 

41*6 

Max.,  

64*7 

61*7 

69*6 

64*0 

56*3 

487 

49-6 

52-3 

Volatile  ester  to  volatile  acid. 

(Volatile  acid  =  l.) 

18*2 

15*0 

9*5 

21*9 

Max  

26*3 

30*0 

29-5 

34*0 

22*8 

22-2 

20-9 

257 

Total  ester  to  total  acid. 

(Total  acid  =  l.) 

25*5 

21*5 

29*9 

24*6 

46*2 

73*8 

63  3 

69*2 

33-3 

414 

417 

40-6 
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Proportion  per  c*nl. 
'►f  Ah-,  li.'l  f- inn-*  r.> 

Alcohol  calculated. 

Kihrrs  calculated.                      ?  ■  rf  f  rFvf  ^??Prrrf  9 

OOOOOOOOOOOOOOOOr-'OOOOO 

oosooooooooooooo^ooooo 

ooooooooooo^ooooooooocs 

IM)  In  Filed 
Ethers. 

oooooooooooooooooooooo 

Total  Amount  of 
Phoapkorte  Acid. 

oooooo  oooooooooooooo©o 

Phosphate  mid  Car- 
bonate of  Calcium. 

OOOOOOOOO^Oi-hOO&^^hOOOOO 

LTitorkle*. 

Carbonate  of 

ooooooooooo^oboooooooo 

Total  Dry  B**idue, 

BBQn  -if  OTj  O  0&  OO  kfl  ^  Ifi            If  SQ  iA  lA-  CO-  Si 

Real  Tartaric  Acid. 

:  O      O  op  ao  S  ^                   _i  CN  rscS 
<MOOi-(p^iOOOO     ooooo     ooo  o 

Tutnl  Fr  vi-  Add  aa 
Tartar^  Ae(dT 

ItwVotatttoAettfli 
Acetic  Acid, 

Fire*  Fixed  Add  a# 
Tartaric  Acid. 

SSSSBBIWiaffiBBiai 

Absolute  Alcohol. 

2     El     ^        £     2  r-  i  -  'j..  i  -  j.  •  r  i  -  to 

Specific  Gravity. 

isgisisisssiiiiiigssia 

I 
1 

1 

P 

P 

>                tf  tf  ^ 
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Spain  and  Portugal,  which  absolutely  require  the  addition  of  a  certain 
amount  of  spirit  to  preserve  them.  Natural  wines  contain  as  a  minimum 
6  per  cent,  and  as  a  maximum  a  little  over  12  per  cent.,  of  absolute 
alcohol  by  weight.  Even  under  favourable  conditions  scarcely  more  than 
15  per  cent,  of  alcohol  can  be  obtained  by  fermentation.  The  percentage 
of  alcohol  in  fortified  wines  depends,  of  course,  entirely  on  the  operator ; 
it  appears  to  range  usually  from  12  to  22  per  cent,  by  weight.  The 
alcohol  is  returned  as  ethylic,  but  there  are  always  traces  of  the  higher 
homologous  alcohols — e.g.,  propylic,  butylic,  and  amylic.  It  would  be 
highly  desirable  to  have  a  number  of  determinations  of  the  higher  alcohols 
in  genuine,  and  sophisticated  wines ;  this  has  never  yet  been  done  on  any 
scale.  The  methods  to  be  followed  differ  in  no  essential  way  from  those 
already  detailed  at  pp.  393-397. 

§  323.  Volatile  Acids.1—  All  wines  possess  an  acid  reaction,  due  to 

impurities  in  potato-sugar  are  mostly  soluble  in  the  same.  Nessler  and  Barth  have 
modified  Neubauer's  process  as  follows  : — The  wine  is  evaporated  to  one- fifth  of  its  bulk  ; 
the  tartaric  acid  is  separated  by  precipitation  with  potassium  acetate ;  90  per  cent 
alcohol  is  next  added  to  complete  precipitation ;  the  whole  is  filtered,  and  the  filtrate 
mixed  with  ether;  all  optically  active  substances  will  now  be  found  in  the  lower 
stratum. 

Chlorine. — The  proportion  of  chlorine  in  genuine  wines  lies  between  *002  and  '0028 
per  cent. ,  and  never  exceeds  '006  per  cent.  ;  it  should  not  be  estimated  in  the  ash,  but 
directly  in  the  wine. 

50  c.c.  of  the  wine  are  acidulated  with  nitric  acid,  an  excess  of  standard  silver 
solution  added,  and  then  standard  thiocyanate  solution  is  run  in  until  a  drop  of  the 
liquid,  when  mixed  in  a  plate  with  ferric  sulphate,  first  shows  a  pink  coloration. 

Estimation  of  Free  Tartaric  Acid, — 100  c.c.  of  the  wine  are  evaporated  to  a  thin 
syrup,  and  mixed  with  alcohol  so  long  as  a  precipitate  appears.  The  cream  of  tartar, 
after  a  few  hours'  standing,  is  separated.  To  the  filtrate,  from  \\  to  2  c.c.  of  calcium 
acetate  are  added.  Wines  destitute  of  free  tartaric  acid  show  no  turbidity.  Any 
weighable  quantity  of  acid- tartrate  is,  after  standing,  filtered  off. 

Citric  Acid.— In  falsified  wines  citric  acid  is  sometimes  met  with. 

100  c.c.  of  wine  are  evaporated  to  7  c.c,  and  precipitated  with  80  per  cent,  alcohol, 
and  filtered.  The  filtrate  is  partly  neutralised  by  milk  of  lime,  and  the  filtrate  from 
this  is  diluted  to  the  original  bulk  taken,  viz.,  100  c.c.  About  1  c.c.  of  a  cold  neutral 
saturated  solution  of  lead  acetate  is  added,  and  the  precipitate  (containing  phosphoric, 
sulphuric,  tartaric,  and  part  of  the  malic  acid)  is  collected1,  decomposed  with  hydrogen 
sulphide,  and  the  solution  of  the  free  acid  rendered  alkaline  with  lime.  The  calcium 
phosphate  is  separated  by  filtration,  the  filtrate  is  slightly  acidified  by  acetic  acid, 
tartrate  of  lime  separating.  From  the  filtrate,  calcium  citrate  separates  on  prolonged 
boiling.    On  drying  at  100°  C. ,  it  is  weighed— {CgHgO^  Ca« + 4H20. 

1  The  adds  in  wine  are  estimated  by  C.  Schmidt  ana  C.  Hiepe  (Zeits.  fiir  anal. 
Chemie,  xxi.,  534-541)  as  follows: — 200  cc.  of  wine,  concentrated  by  evaporation  to 
half,  are  precipitated  by  basic  lead  acetate.  The  precipitate  is  filtered  off,  suspended  in 
water  after  being  well  washed  with  cold  water,  ana  then  decomposed  by  SHa.  The 
solution  of  the  acids  thus  obtained  is  filtered  from  the  lead  sulphide,  concentrated  to 
50  cc,  neutralised  with  KHO,  and  still  further  concentrated.  An  excess  of  a  saturated 
solution  of  calcium  acetate  is  then  added,  and  the  whole  allowed  to  stand  for  several 
hours ;  the  precipitate  of  calcium  tartrate  is  then  filtered,  washed,  ignited,  and  the 
alkalinity  titrated  with  standard  hydrochloric  acid.  The  result  is  calculated  into 
tartaric  acid,  a  correction  of  0286  grm.  being  added  for  the  solubility  of  calcium  tartrate. 
The  filtrate  from  the  calcium  precipitate  is  again  concentrated  to  20-30  cc,  and  60-90 
cc.  of  96  per  cent  alcohol  added.  The  precipitate  consists  of  calcium  malate,  succinate, 
sulphate,  and  a  small  quantity  of  calcium  tartrate.  It  is  filtered  off,  dried  at  100°  C, 
ana  weighed.  It  is  then  dissolved  in  the  minimum  quantity  of  hot  dilute  hydrochloric 
acid,  slightly  alkalised  by  potassium  carbonate,  and  the  precipitated  calcium  carbonate 
removed  by  filtration.  After  neutralisation  by  acetic  acid,  the  filtrate  is  concentrated 
to  a  very  small  bulk,  and  precipitated  hot  by  barium  chloride,  which  throws  down 
barium  succinate  and  sulphate.  The  precipitate  is  treated  with  hot  dilute  hydrochloric 
acid,  which  leaves  the  barium  sulphate  undissolved,  and  which  therefore  can  be  filtered 
off,  ignited,  and  weighed.   To  tbe  \iydiocb\om  solution  of  barium  succinate,  a  sufficient 
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acids,  which  are  conveniently  divided  into  volatile  and  fixed.  Dr.  Dupre* 
puts  the  amount  of  volatile  acid,  expressed  in  terms  of  acetic  acid,  as  0'3 
to  0  6  per  cent,  by  weight  in  volume.  About  one-fourth  of  the  total 
acidity  in  white  natural  wines  should  be  due  to  volatile  acids,  and  in  red 
and  fortified  wines  the  volatile  should  not  amount  to  more  than  about 
one-third  of  the  total  acidity.  The  non- volatile  acids  appear  to  be  chiefly 
malic  and  tartaric  (sometimes  part  of  the  tartaric  being  replaced  by 
succinic);  the  former,  according  to.Dupr^,  predominating  in  pure  natural 
wines,  and  largely  so  in  fortified  liquors ;  whilst  in  plastered  wines  it  is 
often  present  to  the  total  exclusion  of  tartaric  acid. 

In  artificial  wines,  it  is  common  enough  to  find  a  considerable  amount 
of  free  tartaric  acid ;  but  the  mere  detection  of  free  tartaric  acid  is  not 
enough  to  prove  adulteration,  since  this  is  found  in  small  quantity  in  many 
natural  wines.  If,  however,  with  a  small  amount  of  free  acid  there  is  a 
preponderance  of  tartaric  acid,  then  sophistication  may  be  suspected.  It 
has  been  suggested  that  such  free  acid  may  be  recovered  from  the  wine 
by  agitation  with  ether,  but  J.  Nessler,  in  a  direct  experiment,  could  only 
recover  3*93  per  cent,  of  the  free  tartaric  acid  present  when  the  wine  was 
directly  treated  with  ether ;  25  per  cent,  when  the  wine  was  evaporated 
to  a  syrup.    He  recommends  the  following  processes  :— 

The  wine  is  agitated  with  tartar  and  divided  into  two  parts,  to  one  of 
which  a  few  drops  of  concentrated  acetate  of  potassium  solution  is  added, 
And  the  mixture  carefully  observed,  noticing  whether  any  tartar  crystals 
form.  Errors  are  avoided  by  comparing  the  one  portion  to  which  a  few 
drops  of  the  potassium  acetate  has  been  added,  with  the  other  portion  to 
which  no  acetate  has  been  added,  the  separation  of  the  tartar  crystals 
being  a  proof  of  free  tartaric  acid  in  the  wine.  Free  sulphuric  acid  may 
be  detected  by  means  of  the  methods  described  in  the  article  on  Vinegar. 

The  chief  volatile  acid  is  acetic  ;  white  German  and  French  wines 
seldom  contain  more  than  '8  grm.  per  litre  of  volatile  acid  reckoned  as 
acetic,  and  red  more  than  1  "2  per  litre.  Red  wine  containing  as  much  as 
1*6  grm.  per  litre  is  considered  sour  and  unfit ;  it  is,  therefore,  curious  to 
find  that  the  very  high-class  wines  in  Table  LI.  may  yield  as  much  as 
215  to  2  42  per  litre. 

The  general  method  of  estimation  is  to  take  from  10  to  20  c.c.  of  the 
wine  suitably  diluted,  and  titrate  with  d.  n.  soda,  using  tincture  of  logwood 
as  an  indicator,  the  result  being  the  toted  acidity.  On  now  evaporating 
the  wine  on  the  water-bath  to  a  syrupy  extract,  diluting  and  again 
titrating,  the  loss  of  acidity  corresponds  to  the  volatile  acul,  the  latter 
being  expressed  in  terms  of  acetic  acid,  the  non-volatile  as  tartaric  acid. 
L.  Weigert 1  has  shown  that  by  distilling  in  a  vacuum,  the  whole  of  the 
acetic  acid  can  be  obtained ;  40  or  50  c.c.  of  the  wine  are  in  this  way 
boiled  to  dryness,  water  added  to  the  dry  residue,  and  the  process  thrice 
repeated. 

A  method  of  diagnosing  and  estimating  volatile  acids  has  been  proposed 
by  E.  Duclaux,  based  upon  the  more  or  less  regular  way  in  which  volatile 
acids  distil  each  after  its  own  manner,  and  the  estimation  of  acidity  in 

quantity  of  sulphuric  acid  is  added  to  precipitate  the  barium  as  sulphate,  and  from  the 
weight  of  the  latter  the  amount  of  succinic  acid  is  calculated,  233  of  BaS04«=118  of 
C4Hfl04.  The  weights  of  the  sulphuric,  succinic,  and  tartaric  acids  are  calculated  as 
calcium  salts,  and  subtracted  from  the  weight  of  the  lime  precipitate,  the  difference  being 
reckoned  as  malate,  172  parts  of  calcium  malate  —  134  malic  acid. 
1  Zeiisch.  fur  analyt.  Chemie,  1879,  207. 
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successive  fractions  of  the  distillate.  This  was  described  in  detail  in  a 
former  edition,  but  the  method  has  not  found  favour  among  practical 
chemists  and  the  accuracy  of  the  calculations  has  been  questioned.1 

Detection  and  Estimation  of  Free  Sulphurous  Acid  and  of  Aldehyde- 
sulphurous  Acid. — Dr.  Conrad  Schmidt  has  shown  that  when  a  wine  is 
sulphured  the  sulphurous  acid  gradually  disappears,  a  small  part  being 
oxidised  to  sulphuric  acid,  the  larger  part  uniting  with  aldehyde.  Accord- 
ing to  Schmidt  free  sulphurous  acid  is  injurious  to  health,  whereas  a  fair 
proportion  of  aldehyde-sulphurous  acid  can  be  taken  without  any  injury 
whatever.  The  limit  for  free  sulphurous  acid  on  the  Continent  is  20 
mgrms.  per  litre.  Schmidt  has  devised  a  process  of  estimating  free 
sulphurous  and  aldehyde-sulphurous  acid. 

A  stream  of  carbon  dioxide  is  led  into  a  100  c.c.  flask,  and  when  the 
air  has  been  displaced  50  c.c.  of  the  wine  are  added,  5  c.c.  of  sulphuric 
acid  (1:3)  and  a  little  starch  solution.  A  decinormal  solution  of  iodine- 
is  dropped  in  until  the  blue  is  permanent,  and  the  number  of  c.c.  of  iodine 
used  is  translated  into  sulphur  dioxide,  each  c.c.  of  decinormal  iodine 
solution  beiug  equal  to  2*3  mgms.  of  S02. 

This  determination  gives  the  sulphurous  acid  existing  in  a  free  state. 
In  a  200  c.c.  flask,  25  c.c.  of  KHO  solution  and  50  c.c.  of  wine  are  mixed, 
and  after  standing  fifteen  minutes  10  c.c.  of  sulphuric  acid  (1:3)  and  a 
little  starch  are  added,  and  the  liquid  titrated  as  before.  The  result  is 
total  sulphurous  acid,  and  by  subtracting  the  amount  of  free  sulphurous 
acid  from  the  total,  that  which  has  been  in  combination  with  aldehyde  is- 
known. 

It  is,  therefore,  only  new  wine  which  is  likely  to  have  any  free  sul- 
phurous acid ;  in  old  wine  the  sulphurous  acid  will  be  in  combination. 

§  324.  Estimation  of  Esters  in  Wine. — The  compound  esters  in  wine 
may  be  divided  into  volatile  and  non-volatile.  The  volatile  esters  give  the 
bouquet  or  odour,  the  fixed  esters  the  taste  to  wine.  The  proportion  of 
volatile  to  fixed  esters  is  very  small  in  unfortified  wines,  but  the  reverse  is 
the  case  with  fortified  wines.  The  total  amount  of  esters  is  extremely 
small ;  Dr.  Dupre  gives  about  one  part  of  compound  ester  in  300  parts  of 
wine  as  the  highest  proportion  he  has  yet  met  with.  The  esters  them* 
selves  are,  of  course,  derived  from  conversion  of  the  alcohols,  the  ultimate 
amount  depending  entirely  on  the  relative  proportion  of  alcohols,  acid,  and 
water  present,  and  not  being  dependent  on  the  nature  of  the  alcohols  or 
acids.  If,  as  sometimes  happens,  an  excess  of  compound  ester  is  added  to 
a  wine,  decomposition  will  at  once  begin,  until  ultimately  the  wine  will 
contain  no  more  than  it  would  otherwise  have  reached  in  the  natural  order 
of  things.  An  estimation  of  the  esters  is,  therefore,  of  the  greatest  possible 
importance,  as  it  enables  the  analyst  to  judge  of  the  age,  character,  etc.,  of 
the  wine. 

Berthelot  has  given  the  following  formula  for  the  calculation  of  the 
amount  of  alcohol  present  in  the  compound  esters  of  wine  : — 

y  =  M7A  +  2-28 


A  is  the  percentage  of  alcohol  by  weight  in  the  wine ;  a  the  amount  of 
alcohol  equivalent  to  the  total  free  acid  (reckoned  as  acetic)  contained  in  1 

1  See  a  paper  by  Mr.  Droop  Richmond,  Analyst,  ta^tamtas  w&sl  Cktober,  1895. 
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litre.  y  =  the  proportion  per  cent,  of  a  present  as  compound  ether  in  1 
litre  when  the  alcoholic  strength  is  A.  x  —  alcohol  present  in  compound 
ethers  of  wine.  It  hence  follows  that  if  the  amount  of  alcohol  present  as 
ester,  found  by  experiment,  fairly  agrees  with  the  calculated  amount, 
etherification  is  complete,  and  the  wine  must  be  of  a  certain  age ;  if  the 
compound  esters  exceed  the  proper  amount,  the  probability  is  that  it  is  an 
artificial  wine ;  and,  lastly,  if  the  amount  of  esters  is  below  the  theoretical 
standard,  either  etherification  is  not  complete,  on  account  of  its  youth,  or 
alcohol  has  been  recently  added. 

Since  in  small  quantities  of  wine  the  esters  cannot  be  satisfactorily 
identified,  Dr.  C.  Schmidt's  method  of  expressing  the  esters  in  terms  of 
decinormal  alkali  is  to  be  recommended.  The  wine  is  first  carefully 
neutralised  and  100  c.c.  are  distilled  until  the  distillate  measures  90  c.o. ; 
the  90  c.c.  are  made  up  to  100  c.c.  by  the  addition  of  distilled  water ;  25 
c.c.  of  the  100  are  made  up  to  50  c.c.  by  the  addition  of  neutral  absolute 
alcohol,  25  c.c.  of  d.  n.  soda  added,  and  the  whole  allowed  to  stand  for  an 
hour;  the  alkaline  liquid  is  then  titrated,  using  phenol-phthalein  as  an 
indicator,  and  a  certain  loss  of  alkalinity  owing  to  the  saponification  of  the 
volatile  esters  will  be  found  ;  this  difference  is  returned  as  so  much  volatile 
ester  in  terms  of  decinormal  alkali ;  by  treating  quite  similarly  the 
residue  in  the  retort  the  fixed  esters  are  estimated. 

The  determination  of  the  volatile  esters  is  more  important  than  that  of 
the  fixed  esters,  because  the  bouquet  and  properties  of  a  wine  are  dependent 
to  a  considerable  extent  upon  the  nature  and  amount  of  these  esters.  Dr. 
C.  Schmidt  claims  to  have  synthetised  an  ester  which,  added  to  young 
wine,  gives  it  the  same  flavour  as  an  old  wine,  but  no  details  of  his  ex- 
periments have  been  published.  Without  a  doubt,  certain  essences  used 
by  the  wine  producers  are  rich  in  volatile  esters. 

It  is,  however,  only  by  an  intimate  knowledge  of  the  amount  of  volatile 
esters  which  a  natural  wine  may  possess  at  different  periods  of  time  that 
it  is  possible  to  be  certain  of  the  fraudulent  addition  of  esters. 

III.  Estimation  and  Identification  op  Matters  not 
Volatile  at  100°  C. 

§  325.  Extract  or  Solid  Residue. — The  dry  extract  in  pure  natural 
wines  is  usually  given  as  from  1*5  to  3  per  cent.,  some  of  the  Rhine  wines 
of  undoubted  purity  give,  however,  an  extract  of  nearly  5  per  cent. ;  the 
presence  of  sugar  in  fortified  wines  may  raise  the  extract  to  6*0  or  10  per 
cent.  The  solid  residue  may  be  taken  by  simply  evaporating  10  c.c.  to 
dryness,  which  can  be  done  rapidly  without  any  decomposition  of  the  solids, 
by  using  a  large  flat  platinum  dish,  and  thus  spreading  the  10  c.c.  out  in 
a  thin  layer.  This  method  is,  however,  somewhat  inconvenient,  and  causes 
a  loss  of  glycerin;  therefore  the  indirect  process  for  beer,  given  at  p.  419, 
may  be  employed  instead,  wine  extract  being  considered  equal  in  density 
to  malt  extract.1  But  in  wines  containing  much  ash  (since  the  mineral 
constituents  of  the  latter  seriously  affect  specific  gravity,  containing  in  a 

1  See  also  Riegler's  method  (p.  444).  A.  Gautier  (Annates  d'Hygtine  Publique,  xlvii., 
118,  1877)  has  recommended  in  all  cases  the  evaporation  of  5  c.c.  of  wine  on  a  watch- 
glass,  in  a  vacuum,  without  the  application  of  artificial  heat.  This  method  takes  from 
two  to  six  days,  according  to  the  temperature,  for  completion,  so  that  it  is  scarcely 
applicable  for  technical  purposes ;  but  it  is  evident  that  a  heat  of  30°  C.x  whilat  qgre&tl^ 
expediting  the  process,  would  in  no  way  impair  ite  uuhxtoa^. 
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given  specific  gravity  about  twice  as  much  substance  in  solution  as  a  sugar 
solution  of  the  same  gravity),  it  is  necessary  to  subtract  from  the  per- 
centage of  extract  thus  estimated,  the  percentage  of  ash  found  in  the  same 
wine ;  or  if  the  amount  of  extract  without  the  ash  is  required,  twice  the 
percentage  of  ash  has  to  be  subtracted  from  the  percentage  found.  Dupre 
and  Thudichum  give  the  following  examples : 

Rosenthaleb,  1859  (£15  Ohm). 

Per  cent. 

Specific  gravity  of  de-alcoholised  wine,       .  1016*48 
Percentage  of  extract  (see  table,  p.  420),  .  4*122 
Percentage  of  ash  found,        ....  0*170 

Total  solid  constituents,       .       .       .  3*952 
To  find  total  solids  minus  ash,  subtract  again  .  0*170 

Total  solid  constituents,      .       .       .  3*782 

Sherry,  1865. 

Specific  gravity  of  de-alcoholised  wine,      .       .  1017*87 
Percentage,  of  extract  from  specific  gravity  (see 

table,  p.  420),   4*467 

Percentage  of  ash  found,   0*515 

3*952 

Subtract  ash  0*515 

Total  solid  constituents,      .       .       .  3*437 

H.  Hager,1  after  evaporating  off  the  alcohol,  and  making  up  the  wine 
to  its  original  volume  by  means  of  water,  determines  the  amount  of  extract 
from  the  following  table,  which  is  based  on  his  own  experiments,  and  differs 
a  little  from  the  malt  extract  table,  p.  420. 

TABLE  LIII. 


Per  cent,  of 
Extract. 

Specific  gravity, 

16'-0  C. 
Water  =1-000. 

Per  cent,  of 
Extract 

Specific  gravity, 

15° -0  C. 
Water  =1-000. 

Per  cent,  of 
Extract. 

Specific  gravity, 

15*  0  C. 
Water  =1-000. 

0-50 

1-0022 

5*25 

1*0239 

10-00 

1  *0461 

0*75 

1*0034 

5*50 

1-0251 

10*25 

1*0473 

1*00 

1-0046 

575 

1-02*53 

10-50 

1  -0485 

1*25 

1  0057 

6-00 

1  -0274 

10*75 

1*0496 

1*50 

1-0068 

6-25 

1-0286 

11-00 

1  *0508 

175 

1-0079 

6-50 

1-0298 

11-25 

1  *0520 

2-00 

1-0091 

675 

1-0309 

11-50 

1  -0532 

2*25 

1-0102 

7-00 

1-0321 

1175 

1*0544 

2*50 

1-0114 

7*25 

1  -0332 

12-00 

1  -0555 

2*75 

1-0125 

7-50 

1-0343 

12-25 

1*0567 

3*00 

1-0137 

775 

1-0355 

12*50 

1*0579 

3-25 

1-0148 

8-00 

1  -0367 

1275 

1*0591 

3*50 

1-0160 

8-25 

1-0378 

13-00 

1  -0603 

375 

1-0171 

8*50 

1  -0390 

13*25 

1-0614 

4*00 

1-0183 

8-75 

1-0402 

13*50 

1-0626 

4'25 

1-0194 

9-00 

1-0414 

1375 

1  -0638 

4*50 

1*0205 

9-25 

1*0426 

14*00 

1-0651 

475 

1-0216 

9*50 

1-0437 

14*25 

1-0663 

5-00 

1-0228 

9*75 

1-0449 

[N.B.—  The  specific  gravity  increases  or  diminishes  '00024  for  each  degree.] 


1  Cfcem.  Cetarbl.,\W,\Yb. 
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The  extract  and  amount  of  alcohol  being  known,  it  is,  in  certain  in- 
stances, possible  to  detect  the  watering  of  wine,  although  such  a  diagnosis 
can  only  be  made  when  the  analyst  is  intimately  acquainted  with  the  kind 
of  wine  under  examination,  and  in  some  cases  with  the  characters  of  the 
particular  vintage.  The  Bordeaux  wines,  according  to  Girardin  and 
Pressier,  give  almost  always  the  same  amount  of  extract,  varying  only 
within  the  limits  of  20  to  20*8  grms.  the  litre;  and  the  proportion  of 
alcohol  also  is  fairly  constant — viz.,  from  5  to  15,  the  mean  being  10  per 
cent.  From  these  data  they  calculated  the  amount  of  genuine  wine 
present  in  any  samples.  Thus,  supposing  the  extract  in  a  Bordeaux  wine 
to  be  14*5,  then 

1™*^?-*  or  725-00 

i.e.,  the  litre  contains  725  c.c.  of  wine,  the  rest  being  alcohol  and  water. 
To  know  the  quantity  of  alcohol  added,  it  is  necessary  to  ascertain  how 
much  the  72*5  parts  of  wine  contain  of  absolute  alcohol ; 

100  :  10  :  :  72'50  :  x 
x  =  7*25. 

If  the  absolute  alcohol  is  found,  for  example,  to  be  11,  then,  subtracting 
7*25  from  11,  it  is  supposed  that  3*75  of  alcohol  has  been  added. 

That  this  process,  as  applied  to  the  Bordeaux  wines,  is  in  the  main 
correct,  is  supported  by  the  fact  that  the  Rouen  wine-merchants  have 
frequently  paid  duty  on  the  excess  of  alcohol,  etc.,  which  Girardin  and 
Pressier  found  in  their  wines.1 

In  the  Municipal  Laboratory,  Paris,  the  chemists  determine  the  water- 
ing and  fortifying  of  wine  by  a  calculation  of  the  relationship  of  what  they 
call  4  the  reduced  extract '  to  alcohol. 

The  *  reduced  extract 1  is  the  total  extract  diminished  by  the  number  of 
grammes  less  1  of  the  potassic  sulphate  and  reducing  sugar ;  thus,  if  the 
total  extract  should  be  29*7,  the  potassic  sulphate  3*1,  and  the  sugar  4*5, 
2*1  -H  3*5  =  5'6 ;  and  subtracting  5*6  from  the  total  extract  gives  the 
reduced  extract  as  24*1.  The  weight  of  the  alcohol  for  red  wines  they 
consider  should  not  exceed  four  and  a-half  times  the  extract,  and  when  this 
relation  is  exceeded  the  wine  has  been  fortified.  To  determine  this  relation, 
the  alcohol  by  weight  is  divided  by  the  reduced  extract. 

For  white  wines  the  relation  between  alcohol  and  reduced  extract  is 
fixed  at  6*5.  Wines  watered  down  and  then  the  alcoholic  strength  brought 
up  by  the  addition  of  alcohol  are  detected  in  the  French  Laboratory  as 
follows : — 

In  all  normal  wines  the  sum  of  the  alcohol  per  cent,  by  volume  added 
to  the  total  acidity  per  litre  (alcohol -acid  number),  calculated  as  sulphuric 
acid,  is  seldom  below  12*5.  Water  lowers  this  number,  alcohol  increases  it. 
First,  then,  the  relation  of  the  alcohol  to  the  reduced  extract  is  obtained ; 
if  it  exceed  4*5,  then  by  calculation  on  the  standard  of  4*5,  the  amount  of 
alcohol  that  the  natural  wine  may  be  supposed  to  have  had  originally  is 
obtained ;  and  the  difference  between  this  and  the  amount  found  represents 

i  In  Paris  a  commercial  standard  has  been  arrived  at,  based  on  the  analysis  of  6000 
samples,  and  it  is  laid  down  that  11  the  amount  of  added  water  in  all  wine  which  is  not 
sold  as  being  of  any  special  brand,  shall  be  calculated  on  the  basis  of  12  per  cent  of 
alcohol  by  volume,  and  24  grms.  of  dry  extract  per  litre." 
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the  alcohol  added.  Next,  the  alcohol-acid  number  is  obtained,  and  if  this 
is  below  12*5  the  presumption  is  that  the  wine  has  been  watered. 

An  example  will  make  this  clear.    A  red  wine  gave  the  following : — 


Dry  extract  per  litre,  14*2 

Acidity  per  litre,  3  100 

Alcohol  per  cent  (volume),  16*0 

The  relation  by  weight  of  alcohol-extract,    .       .  =  9*01 

The  alcohol-acid  number,   =19*1 

Now  calculating  on  a  standard  of .       .       .       .  4*5 

Natural  alcohol  in  the  wine,       .       .  1 4  *2  x  4  *5  =  63  *9 
Reducing  this  by  dividing  by  8*0,  the  volume  of 

alcohol  is  equal  to  7  '99 

Alcohol  in  excess,       .       .       .      .  16  -  7*99  =  8*01 

Alcohol-acid  figure,     .      .      .      .  7*99  +  8*1  =  11*09 


Hence,  the  alcohol-extract  number  being  superior  to  4*5  and  the  corrected  acid- 
alcohol  number  being  below  12 '5,  there  is  a  presumption  of  both  watering  and 
fortifying. 

This  calculation  being  the  results  of  prolonged  experience  with  regard 
to  ordinary  wines  is  a  fairly  safe  guide  to  the  analyst ;  but  with  regard  to 
certain  exceptional  wines  caution  must  be  exercised  in  the  interpretation 
of  results.1 

§  326.  Estimation  of  Succinic  Acid  and  Glycerin. — Half  a  litre  to  a 
litre  of  wine  is  decolorised  with  animal  charcoal,  filtered,  and  the  charcoal 
well  washed  with  water;  the  filtrate  and  washings  are  then  evaporated 
down  in  the  water-bath,  and  the  drying  finished  in  a  vacuum.  The 
residue,  when  dry,  is  treated  with  a  mixture  of  1  part  of  strong  alcohol 
and  parts  of  rectified  ether.  The  latter  is  driven  off  by  floating  the 
dish  in  warm  water,  and  the  whole  evaporated  again  on  a  water-bath. 
The  residue  is  now  neutralised  with  lime-water,  which  combines  with  the 
succinic  acid,  and  forms  succinate  of  calcium.  The  glycerin  is  dissolved 
out  by  alcohol  and  ether,  and  weighed  either  directly  or  by  loss.  The 
succinate  of  calcium  remaining  behind  is  impure,  and  should  be  well 
washed  with  spirit  before  weighing.  Every  100  parts  of  calcic  succinate 
equals  75*64  of  succinic  acid  (H2C4H404);  and  since  Pasteur  has  shown 
that  112*8  parts  of  grape  sugar  (107  of  cane)  yield  about  3*6  of  glycerin 
and  0*6  part  of  succinic  acid,  it  follows  that  in  a  natural  wine  the  glycerin 
would  amount  to  about  one-fourteenth  part  of  the  alcohol  present.2 

It  has,  indeed,  hitherto  been  generally  accepted  that  for  every  100  parts  of  alcohol 
there  should  be  not  less  than  7  nor  more  than  14  of  glycerin,  and  it  has  been  held  that 
deviations  from  this  standard  mean  addition  of  alcohol  or  glycerin  ;  but  the  highest 
quality  of  the  Rhine  wines  (Table  LI.)  vary  between  16  and  31  parts  of  glycerin  to 
100  of  alcohol,  and,  therefore,  the  views  hitherto  held  demand  modification. 


1  E.  Egger  detects  the  watering  of  wine  by  the  presence  of  nitrates,  the  grape  being 
stated  to  be  absolutely  destitute  of  nitrates  ;  white  wines  are  evaporated  to  a  syrup  and 
absolute  alcohol  added  ;  so  long  as  it  produces  a  cloud  the  mixture  is  filtered,  decolorised, 
and  tested  with  diphenylamine  and  sulphuric  acid.  Red  wines  are  precipitated  with  lead 
acetate  and  then  magnesium  sulphate  added  before  evaporation  [Chem.  Centr.,  1885, 
71,  72). 

9  According  to  E.  Borgmann  (Zeitsch.  fiir  anal.  Chemie,  xxii.,  58-60)  the  ratio  of 
glycerin  to  alcohol  in jpure  wines  is  never  less  than  7*3  :  100.  Analyses  of  white  wines 
by  R.  Fresenius  and  E.  Borgmann  give  the  following  ratios  of  glycerin  and  alcohol : — 


Alcohol.  Glycerin. 

Maximum,  100  14*4 

Minimum,                                          100  7*3 

Mean,  100  :  10*4 

{Skit./,  anal  Chemie.,  xxiii.,  48). 
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Schmidt 1  evaporates  a  known  bulk  of  the  wine  with  hydrated  calcium  oxide,  extracts 
the  residue  with  96  per  cent,  alcohol,  evaporates  the  clear  filtrate,  then  dissolves  this 
last  residue  in  15  c.c.  absolute  alcohol,  precipitates  with  25  c.c.  of  ether,  filters  and 
evaporates  the  alcohol-ether  solution,  and,  after  one  and  a -half  hours'  drying,  weighs. 

Stierlin 3  evaporates  the  liquid  without  any  addition  to  one-fifth  or  one-sixth  of  its 
volume,  extracts  with  hot  absolute  alcohol,  and  uses  this  alcoholic  extract  for  the 
estimation  of  the  sugar,  non- volatile  acids,  bitter  matters,  alkaloids,  and  glycerin.  For 
the  estimation  of  the  last,  a  measured  portion  of  the  alcoholic  extract  is  freed  from 
alcohol  by  evaporation,  and  then  evaporated  down  to  dryness  with  slight  excess  of 
caustic  lime.  The  glycerin  is  extracted  either  with  alcohol  and  ether  (2  :  3),  or  with 
alcohol  and  chloroform.  (See  also  the  process  for  extracting  glycerin  from  beer, 
p.  426.) 

Raynaud  has  pointed  out  that  although  the  processes  in  use  for  the  estimation  of 
glycerin  are  fairly  exact,  yet  with  plastered  wines  too  high  results  are  obtained  ;  for  if 
there  is  any  considerable  amount  of  sulphate  of  potash,  it  is  decomposed  by  lime,  and 
hydrate  of  potash  is  formed,  which  is  dissolved  by  glycerin  in  the  presence  of  alcohol, 
and  is  weighed  with  it.  He  therefore  recommends  the  following  process  : — The  liquid 
0]>erated  upon  is  evaporated  to  about  one-fifth  of  its  volume,  and  the  potash  precipitated 
by  hydrofiuosilicic  acid  and  filtered.  The  filtrate  is  made  weakly  alkaline  by  the 
addition  of  hydrate  of  baryta  ;  sand  is  also  added,  and  the  mass  is  evaporated  to  dryness 
in  a  vacuum ;  the  dry  residue  is  then  extracted  with  a  very  large  volume  of  absolute 
alcohol  and  ether,  as  much  as  300  c.c.  for  250  c.c.  of  wine  being  recommended.  With 
the  improved  processes  of  extraction  which  we  now  possess,  however,  this  is  quite 
unnecessary,  and  50  to  100  c.c.  in  a  Soxhlet's  apparatus  (see  p.  49)  will  have  quite  the 
same  effect  as  a  much  larger  quantity.  On  the  evaporation  of  the  alcohol  and  ether, 
the  glycerin  is  allowed  to  stand  for  twenty-four  hours  in  a  vacuum  over  phosphoric 
anhydride ;  finally,  it  is  put  into  a  tube,  a  perfect  vacuum  formed,  and  distilled  into 
the  cool  part  of  the  lube  by  a  temperature  of  180°  C. 

Probably  the  best  method  of  estimating  glycerin  is  to  separate  it  from  most  volatile 
substances  by  distillation  in  a  vacuum,  and  then  to  oxidise  it  into  oxalic  acid,  as 
described  under  the  article  *  Butter'  (p.  300).  A.  Partheil 8  effects  this  in  the  following 
manner: — 50  c.c.  of  the  liquid  to  be  examined,  first  neutralised  by  adding  a  little 
calcium  carbonate,  are  evaporated  down  to  15  c.c.  and  introduced  into  a  small  retort. 
This  retort  is  enclosed  in  an  air  bath,  the  bottom  of  the  bath  being  made  of  sheet  iron, 
the  sides  and  top  of  asbestos  card.  The  neck  is  connected  with  a  globular  receiver,  the 
second  opening  of  the  receiver  being  joined  to  an  inverted  condenser,  and  then  to  a 
pump.  The  receiver  is  also  kept  cool.  The  liquid  is  first  distilled  almost  to  dryness, 
at  ordinary  pressure,  at  a  temperature  of  120°  C.  It  is  then  cooled  to  about  60°  C,  and 
the  pressure  reduced  by  means  of  the  pump,  the  temj)erature  raised  to  180°  C,  and  the 
distillation  continued  for  one  and  a-half  hours  ;  the  pressure  at  the  end  of  that  time  is 
released,  the  retort  cooled,  10  c.c.  of  water  added,  and  distillation  again  proceeded  with 
at  the  ordinary  pressure  at  a  temperature  in  the  bath  of  120°  C.  The  distillate  is 
diluted  to  about  200  c.c,  8  to  10  grms.  of  caustic  soda  dissolved  in  it,  and  5  per  cent, 
potassic  permanganate  added  until  the  colour  remains  a  decided  blue-black.  The 
whole  is  heated  for  an  hour,  decolorised  with  SOa,  20  c.c.  of  acetic  acid  added,  the  SOa 
driven  off  by  heat,  and  the  oxalic  acid  precipitated  by  calcium  chloride. 

§  327.  Estimation  of  Tartaric  Acid  and  Bitartrate  of  Potath. — This  is 
best  estimated  by  the  method  suggested  by  Berthelot: — 20  c.c.  of  wine 
are  mixed  with  100  c.c.  of  equal  volumes  of  alcohol  and  ether  in  a  well- 
stoppered  flask.  The  same  process  is  employed  with  another  20  c.c.  to 
which  has  been  added  sufficient  potash  to  neutralise  about  one-fifth 
of  the  free  acid  present.  Both  bottles  are  allowed  to  stand  two  or 
three  days,  and  at  the  end  of  the  time,  owing  to  the  insolubility  of  bi- 
tartrate of  potash  in  strong  alcohol,  there  will  be  a  deposit  of  that  salt  in 
both  bottles.  The  first  will  represent  the  bitartrate  of  potash  present  as 
such ;  the  second,  the  whole  of  the  tartaric  acid  which  the  wine  contains. 
There  is,  however,  always  a  small  quantity  of  bitartrate  in  solution,  about 
*004  grm.,  equalling  "28  d.  n.  soda,  and  this  amount  must  be  added  to 
that  found.    The  precipitates  from  both  bottles  are  collected  on  separate 

1  Op.  cit.  2  Stierlin,  "Das  Bier,"  etc.    Berne,  1879. 

3  Arch.  Pharm.,  1895,  cexxxiii.,  391. 
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filters,  washed  with  the  alcohol-ether  mixture,  dissolved  in  water,  and 
titrated  with  soda  solution. 

Direct  Estimation  of  Malic  Acid. — 100  c.c.  of  wine  are  precipitated 
with  lime-water,  added  only  in  slight  excess;  the  nitrate  is  evaporated 
down  to  one-half,  and  absolute  alcohol  added  in  excess;  the  resulting 
precipitate,  consisting  of  malate  and  sulphate  of  lime,  is  then  collected  on 
a  filter,  washed,  and  weighed.  If,  now,  the  sulphate  of  lime  in  this 
sample  be  estimated  by  solution  in  water,  and  precipitation  of  the 
sulphuric  acid  by  baric  chloride,  etc.,  and  the  amount  subtracted  from 
the  total  weight  of  the  precipitate,  the  remainder  equals  malate  of  lime. 

TJie  Estimation  of  Sugar  in  Wine  is  carried  out  on  the  principles 
described  at  pp.  111-120.1 

Albuminoid  Substances. — The  albuminoid  substances  in  wine  may  be 
estimated  by  Mr.  Wanklyn's  well-known  ammonia  process  : — 5  c.c.  of  the 
wine  are  put  in  a  half-litre  flask,  and  made  up  with  water  to  500  c.c.  : 
{i.e.,  5  c.c.)  of  this  is  distilled  with  a  little  water  and  pure  carbonate 
of  soda  (ammonia  free),  and  the  ammonia  in  the  distillate  estimated  by 
the  colorimetric  process  known  as  Nesslerising.  An  alkaline  solution  of 
permanganate  of  potash  is  then  added,  and  the  operation  repeated — the 
ammonia  coming  over  now  being  the  result  of  the  breaking-up  of  albumi- 
noid bodies.  It  would  appear  that  in  white  wines,  the  albuminous  matters 
are  very  small  in  amount ;  while  in  red  and  most  young  wines,  there  is  an 
excess  of  albuminous  matters,  which  decreases  with  age;  hence,  in 
experienced  hands,  a  determination  of  this  kind  may  help  to  distinguish 
between  old  and  new. 

Thudichum  and  Dupre  found  in  certaiu  wines  the  following  amounts  of 
ammonia : — 

Ammonia  free.       Ammonia  allxl. 
per  cent.  per  cent. 

Ingelheimer,  red, .       .      .       .    0*0051  0*3730 

Port,  1851   0*0046  0*0888 

Sherry,  30  years  in  bottle,    .       .    0*0073  0*1807 

Madeira   0*0021  0*1581 

Merstemer,   0*0021  0*3550 

Natural  Port,  ....  0*0019  0*0527 
Port,  1865,   0*0012  0*1760 

§  328.  Astringent  Matters. — Schmidt  estimates  the  astringent  and 
colouring-matters  of  wiue  by  oxidising  with  potassic  permanganate  before 
and  after  treatment  with  animal  charcoal. 

A.  Girard  (Compt.  Rend.,  xcv.,  185-187)  employs  sheep-gut  for  the 
estimation  of  tannin  in  wine.  The  gut  is  well  washed  and  cleaned ;  it  is 
then  treated  with  alkalies,  and  bleached  by  the  action  of  potassic  per- 
manganate and  sulphurous  acid.    It  is  then  twisted  into  cords,  and  again 

1  A  special  process  is  in  use  in  the  Paris  Laboratory  for  the  detection  of  fictitious 
claret.  The  liquid  is  known  as  piquette  of  raisins  and  dried  fruits,  and  it  is  often  added 
as  an  adulterant  to  the  genuine  article.  300  c.c.  of  the  wine  are  fermented  fully  with 
yeast  at  29° *5  G.  The  liquid  is  then  filtered,  and  placed  in  a  dialysing  apparatus,  in 
which  the  outer  water  is  constantly  renewed  automatically.  The  water  is  examined  from 
time  to  time  by  the  polariscope.  and,  when  the  polarisation  is  constant,  the  dialysis  is 
stopped.  The  liquid  is  neutralised  by  boiling  with  chalk,  and  evaj>orated  to  dryness 
on  the  water-bath.  The  residue  is  treated  with  50  c.c.  of  absolute  alcohol,  and  twice 
washed  with  25  c.c.  of  the  same.  The  alcoholic  extract  is  next  decolorised  by  charcoal, 
evaporated  to  dryness,  and  the  residue  taken  up  with  30  c.c.  of  water  and  examined 
by  the  polariscope.  True  claret  gives  no  rotation,  or  is  only  very  slightly  dextrogyrate, 
while  wines  mixed  with  piquette  of  fruit  or  glucose  are  respectively  strongly  levo-  or 
dextrogyrate. — Dr.  Muter  in  Analyst,  October,  1885. 
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bleached  by  sulphurous' anhydride.  From  3  to  5  grms.  of  the  gut-cords 
(the  water  iu  which  has  been  previously  determined)  are  soaked  in  water 
for  four  or  five  hours,  and,  after  being  untwisted,  are  added  to  100  c.c.  of 
the  wine.  After  from  twenty-four  to  forty-eight  hours,  the  whole  of  the 
tannin  is  absorbed,  and  is  expressed  by  the  gain  in  weight  of  the  gut  after 
being  washed  and  dried  at  100°  C. 

§  329.  Estimation  of  the  Colouring-matter  of  Wine. — The  colouring- 
matter  of  red  wines  has  been  termed  oenolin,  or  aenocyanin,  and  has  also 
received  other  names.  Glenard  has  assigned  to  it  the  formula  C10H10O6  ; 
but  it  is  doubtful  whether  it  has  ever  yet  been  separated  in  a  state  of 
absolute  purity.  The  process  used  by  Glenard  was — precipitation  with 
lead  acetate,  exhaustion  of  the  washed,  dried,  and  powdered  precipitate, 
first,  with  anhydrous  ether  saturated  with  HC1,  then  with  pure  ether ;  and, 
lastly,  extraction  with  alcohol,  from  which  the  oenolin  was  obtained  by 
evaporation  as  a  bluish-black  powder  insoluble  in  ether,  almost  insoluble 
in  pure  water,  but  more  readily  dissolved  in  acidulated  water,  acidulated 
alcohol  dissolving  it  easily.  The  blue  colour  is  turned  red  by  acid. 
(Enolin,  according  to  Vaserine,1  may  be  separated  from  wine  by  mixing 
the  latter  with  lime  to  the  consistency  of  a  paste,  which  is  drained  on  a 
funnel.  The  residue,  containing  the  colouring-matter,  is  mixed  with 
alcohol  of  95  per  cent.,  and  treated  with  sufficient  sulphuric  acid  to 
neutralise  the  lime  and  decompose  the  compound  of  lime  with  the  colouring- 
matter.  The  solution  is  filtered  from  calcium  sulphate,  and  on  evaporation 
leaves  oenolin  as  a  black  powder.2  Solutions  of  oenolin  show,  when  ex- 
amined by  the  spectroscope,  certain  bands. 

The  colour  of  white  wines  is  due  to  oxidised  tannin  ;  it  takes  long  to 
develop ;  hence  the  manufacturer  not  unfrequently  adds  a  little  caramel. 
Should  this  be  the  only  addition,  it  would  be  injudicious  to  consider  the 
wine  adulterated. 

The  artificial  colouring  of  wines  by  elder-berry,  logwood,  cochineal, 
aniline,  etc.,8  is  said  to  exist,  at  all  events,  on  the  Continent ;  and  it  is  a 
fact  that  a  few  home  made,  low-priced  wines,  almost  entirely  fictitious,  are 
passed  off  by  the  aid  of  the  same  or  similar  substances ;  but  with  regard 
to  the  ordinary  foreign  wines  in  English  commerce,  there  is  no  reliable 
evidence  whatever  that  any  adulteration  of  this  kind  has  been  practised. 
Nevertheless,  it  is  absolutely  necessary  to  be  acquainted  with  the  best  and 
most  recent  methods  for  the  discovery  of  such  frauds. 

The  substances  actually  found  to  be  used  fraudulently  as  artificial 
colouring  are — (1.)  Bordeaux  verdissant,  which  is  a  compound  of  methylene 
blue,  diphenylamine  orange,  and  the  acid-sulpho-derivative  of  fuchsine; 
(2.)  a  mixture  of  amido-benzene,  methyl- violet,  and  the  acid-sulpho-deriva- 
tive of  fuchsine. 

In  the  Paris  Laboratory4  they  use  three  preliminary  tests,  and  consider 

1  Bull.  Soc.  Chim.  [2],  xxix.,  109,  110. 

2  According  to  L.  M.  Krohn,  the  red  colouring-matter  of  wine  may  be  obtained  by 
electrolysis  as  a  deposit  on  the  positive  pole.  The  colouring-matters  used  to  adulterate 
wines  do  not  give  this  deposit  (Journ.  Pharm.  (5),  ix.,  298-300). 

8  Soubeiran  says — "At  Fismes,  in  the  neighbourhood  of  Rheims,  there  has  been 
manufactured  for  more  than  a  century  (since  1741)  a  colouring  agent  composed  of  elder- 
berries, alum,  and  water,  in  different  proportions,  the  prolonged  use  of  which  can  only  have 
injurious  consequences  on  the  health,  on  account  of  the  alum.  Unfortunately,  the  produc- 
tion of  this  colouring  agent  (teinte)  was  encouraged  by  a  royal  decree  of  1781.  .  .  . 
Recent  analyses  have  shown  that  this  liqueur  at  Fismes  contains  from  20*8  to  57*56 
grms.  per  litre  of  alum." — Diet,  des  Falsifications.    Paris,  1874. 

4  "  Report  on  processes  in  use  at  the  Municipal  Laboratory  \J&fc  ^Sfej  <&^vcN»>r 
By  Dr.  Mnter.    Analyst,  1885. 
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wines  genuine  as  to  colour  if  they  respond  to  these  tests.  On  the  other  hand, 
should  the  results  be  unfavourable,  the  analyst  possesses  a  valuable  guide  to 
the  class  of  colouring-matters  present.   The  three  methods  are  as  follows : — 

(1.)  Sticks  of  chalk  are  steeped  in  a  10  per  cent,  solution  of  egg-albumen, 
and  dried  first  in  the  air  and  then  at  1 00°  C.  The  wine  is  tested  by  allow- 
ing two  drops  to  fall  on  a  surface  of  the  chalk  from  which  the  excess  of 
albumen  has  been  removed  by  scraping ;  genuine  wine  gives  a  gray  colour, 
and  young  and  highly-coloured  wine  may  give  a  somewhat  bluish  tint,  but 
there  should  be  no  trace  of  green,  violet,  or  rose. 

(2.)  The  wine  is  alkalised  by  baryta- water  until  it  is  of  a  greenish  hue ; 
it  is  then  shaken  up  with  acetic  ether  or  amy  lie  alcohol.  If  the  wine  is 
pure  there  is  no  colour  in  the  upper  layer,  with  or  without  the  addition  of 
acetic  acid.  On  the  other  hand,  coal-tar  colours  of  a  basic  nature  colour 
the  solvent,  and  give  indications  suggestive  of  amido-benzene,  fuchsine, 
safranine,  chrysoidine,  chrysaniline,  mauveine,  methyl-violet,  and  Beibrich 
red. 

(3.)  10  c.c.  of  the  wine  are  alkalised  until  the  wine  becomes  of  a  green 
colour  by  the  addition  of  5  per  cent,  potassium- hydrate  solution.  To  this 
are  added  2  c.c.  of  a  solution  of  mercurous  acetate;  the  whole,  after 
shaking,  is  filtered.  With  pure  wine  the  filtrate  is  colourless,  both  in 
itself  and  after  acidulating  with  hydrochloric  acid,  while  coal-tar  colours  of 
an  acid  nature  tint  the  filtrate  red  or  yellow. 

If  either  of  the  two  last  tests  responds,  the  wine  is  further  examined  as 
follows : — 

B.— There  is  evidence  from  (3.)  of  a 
Tar  Dye  of  an  Acid  Nature. 


A.— There  is  evidence  from  (2.)  of 
an  Aniline  Basic  Colour. 

The  amylic  alcohol  or  acetic  ether  sol- 
vent is  separated  and  divided  into  two 
parts,  W.  and  S.— the  one,  W.,  is  evapor- 
ated down  with  threads  of  wool,  the  other, 
S.,  on  threads  of  silk.  The  wool  and  silk 
are  both  coloured  red,  hydrochloric  acid 
discolours  it  to  a  dirty  brown,  but  water 
restores  the  red.  Rosaniline. 

The  silk  is  coloured  red,  but  not  the 
wool ;  the  reaction  with  hydrochloric  acid 
does  not  take  place.  Safranine. 

Violet,  and  when  treated  with  HC1, 
becomes  bluish-green,  changing  to  yellow, 
but  water  in  excess  restores  the  violet. 

Soluble  Aniline  Violets. 

Indigo-blue,  when  treated  with  HC1, 
but  on  dilution  with  water,  reddish-brown. 

MauvanUine. 

Threads  scarcely  affected  with  HC1,  but 
decolorised  by  boiling  with  powdered  zinc, 
the  colour  returning  on  exposure  to  air. 

Chrysotoluidine. 
Straw-yellow  threads,  becoming  poppy- 
red  with  strong  sulphuric  acid. 

A  m  idonitrobe  nzol. 

Orange-yellow  threads,  becoming  scarlet 
with  sulphuric  acid.  Chrysoidine. 

Threads  of  a  reddish  colour,  decolorised 
inrtantly  by  a  few  drops  of  sodium  bisul- 

Dyes  analogous  or  allied  to  JtosaniKne. 


The  wine  is  strongly  acidulated  with 
hydrochloric  acid,  and  shaken  up  with 
acetic  ether  (or  amylic  alcohol).  The  wine 
is  saturated  with  a  slight  excess  of  am- 
monia, and  shaken  up  with  the  same 
solvent  The  ethereal  fluids  are  mixed, 
evaporated  to  dryness,  and  tested  with  a 
drop  of  strong  sulphuric  acid. 

Parma,  violet  colour.  Roccelline. 


Maroon. 
Blue. 
Scarlet. 
Red. 

Green  to  violet. 
Fuchsine  red. 


Foundation  Red. 
Bordeaux  R.  and  B. 
Ponceau  R. 
„  B. 
The  Beibrich  Red. 
Tropeoline  000. 


Orange  yellow,  or  on  dilution  with  water 
a  transient  poppy-red. 

Tropeoline  0.t  or  Chrysoint. 
Brownish-yellow.  Helianihine . 

Yellow.  Eosine  B. ,  or  J.  J. 

Safranine. 
JElhyleosine. 
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Dr.  Dupre^  taking  advantage  of  the  fact  that  the  colouring-matter  of 
wine 1  only  dialyses  to  a  minute  extent,  and  that  the  colouring-matters  of 
Brazil,  logwood,  and  cochineal,  readily  dialyse,  separates  the  latter  colouring- 
matters  from  the  wine  by  dialysis.  The  same  chemist  has  suggested  a 
still  more  convenient  and  practical  process — viz.,  the  staining  of  a  jelly. 
The  jelly  is  made  by  dissolving  5  gnns.  of  gelatin  in  100  c.c.  of  warm 
water,  and  pouring  the  solution  into  a  square  flat  mould  made  of  paper. 
From  this  cake  cubes  about  f  inch  square  are  cut  with  a  sharp  wet  knife, 
And  are  immersed  in  the  wine,  taken  out  after  the  lapse  of  from  twenty- 
four  to  forty-eight  hours,  washed  slightly,  and  sections  cut,  in  order  to  see 
how  far  the  colouring  principles  have  penetrated.  If  the  wine  is  pure,  the 
colour  will  be  confined  almost  entirely  to  the  edges  of  the  slice,  or  will  not 
have  penetrated  beyond  TY  to  £  inch ;  most  other  colouring-matters  rapidly 
permeate  and  colour  the  jelly. 

(1.)  Colouring-matter 8  penetrating  sloivly  into  the  jelly : — 

Colouring-matter  of  pure  wine. 
„  „         Rhatany  root. 

(2.)  Colouring-matters  penetrating  rapidly  into  the  jelly : — 


The  jelly  may  be  examined  spectroscopically,  good  results  being  obtained 
in  the  case  of  rosaniline,  red  cabbage,  and  beetroot ;  and  may  be  also  tested 
with  reagents — e.g.,  dilute  ammonia  dissolves  much  colour  from  the  slice, 
if  the  colour  should  be  derived  from  logwood  or  cochineal ;  on  the  other 
hand,  the  ammonia  remains  colourless  in  the  case  of  rosaniline,  red  cabbage, 
and  beetroot. 

A  simple  method  for  the  detection  of  certain  colouring-matters  is  that 
of  Lammatine : — Shake  100  parts  of  the  wine  with  100  of  coarsely  powdered 
peroxide  of  manganese,  and  then  pass  through  a  double  filter ;  if  pure,  a 
colourless  filtrate  will  result.  The  process  is  said  to  answer  well  in  the 
<iase  of  logwood  and  cochineal,  but  to  fail  with  aniline. 

A  general  method,  applicable  to  fuchsine  and  other  colouring-matters, 
is  based  upon  the  fact  that  a  great  many  of  the  colouring-matters  which 
may  be  used  for  purposes  of  wine  adulteration  (such  as  caramels,  ammoniacal 
cochineal,  sulphindigotic  acid,  logwood,  and  the  lichen  reds),  are  precipitated 
by  acetate  of  lead ;  whilst  fuchsine,  if  present  in  considerable  quantity,  is 
only  partially  thrown  down.  Those  which  are  not  precipitated  may  be 
separated  by  agitating  the  filtrate  with  amyl  alcohol. 

The  lead  precipitate  may  be  treated  by  dissolving  out  cochineal, 
sulphindigotic  acid,  and  fuchsine,  by  a  solution  of  potassic  carbonate 
{2  :  100].  From  this  liquid  the  fuchsine  is  separated  by  neutralisation 
with  acetic  acid  and  agitation  with  amyl  alcohol,  the  rose  coloured  liquid 
obtained  being  identified  as  a  solution  of  fuchsine  by  the  spectroscope.  On 


Rosaniline. 

Cochineal. 

Logwood. 

Brazil-wood, 

Indigo. 


Litmus. 
Red  Cabbage. 
Beetroot. 
Malva  sylvestris. 
Althcca  ojficin<ili8. 


1  The  colouring-matter  of  Rhatany  root  has  the  same  property. 
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now  acidifying  the  liquid  with  sulphuric  acid,  the  carminamic  acid  from 
the  cochineal  is  removed  by  means  of  amjl  alcohol,  and  identified  by  its. 
three  bands — viz.,  one  between  D  and  £  in  the  red,  the  second  in  the 
green,  and  the  third  in  the  blue.  The  indigo  remaining  may  be  detected 
by  the  blue  colour,  and  absorption-band  between  C  and  D.  The  original 
lead  precipitate,  insoluble  in  potassic  carbonate,  is  treated  with  a  two  per 
cent,  solution  of  potassium  sulphide,  which  dissolves  the  colouring-matter 
of  logwood  and  that  of  the  wine  itself.  Logwood  may,  however,  be  tested 
for  directly  io  the  wine  by  the  addition  of  calcium  carbonate  and  two  or 
three  drops  of  lime-water.  In  the  case  of  a  natural  wine,  the  filtered 
liquid  is  almost  colourless,  but  is  of  a  fine  red  colour  if  logwood  is  present. 
Lastly,  the  lichen  red  may  be  obtained  by  washing  the  insoluble  portion 
left  after  treatment  with  potassium  sulphide,  and  dissolving  it  in  alcohol, 
when  a  red  colour  and  a  definite  absorption-band  reveal  its  presence. 

For  the  detection  of  fuchsine  simply,  Bouillon  (Comptes  Rendu*.,  lxxxiii.r 
858,  859)  recommends  half  a  litre  of  the  wine  to  be  evaporated  down  to 
120  c.c,  with  the  addition  of  20  grms.  of  barium  hydrate.  It  is  then 
filtered,  and  the  filtrate  shaken  up  with  ether ;  the  ether  is  separated,  a 
drop  of  acetic  acid,  a  little  water,  and  a  small  piece  of  white  silk,  are 
added,  and  (if  an  appreciable  amount  of  fuchsine  is  present)  the  silk 
assumes  a  pink  colour  immediately ;  if  not,  the  liquid  must  be  concentrated 
nearly  to  dryness. 

F.  Konig1  has  a  process  for  detecting  fuchsine:  50  c.c.  of  the  wine 
are  treated  with  ammonia  in  slight  excess,  and  boiled  with  a  little  pure' 
wool  ['5  grm.],  until  all  the  alcohol  and  ammonia  are  evaporated.  The 
wool  is  washed  and  directly  moistened  with  strong  potash,  and  heated 
until  it  dissolves  into  a  more  or  less  brown  fluid.  After  cooling,  to  this 
is  added  half  its  volume  of  pure  alcohol,  and  theo  an  equal  volume  of 
ether ;  it  is  strongly  shaken.  The  smallest  trace  of  fuchsine  is  taken  up 
by  the  ether,  and  is  coloured  red  by  acetic  acid.  0*4  mgrm.  fuchsine  in 
a  litre  of  wine  is  said  by  this  means  to  be  discovered  readily.  The  process, 
destroys  the  natural  colour  of  the  wine. 

§  330.  Vogel  and  others  have  studied  the  detection  of  the  colouring- 
matters  of  wine  by  means  of  the  spectroscope. 

The  following  curves  are  examples  of  various  colouring-matters  (see 
fig.  66  c):— 

No.  37.  Wine  colouring-matter,  (I.)  pure,  (II.)  diluted. 
No.  38.  Wine  colouring-matter,  with  ammonia. 

No.  39.  (I.)  Mallow  colouring-matter  concentrated,  (II.)  elderberry 
titrated. 

\  40.  Acid  cherry,    (b)  Acid  cherry  with  the  addition  of  tannin, 
u  41.  Mallow  colouring-matter  with  the  addition  of  alum, 
w  42.  Indigo  solution. 

ttti  carefully  made  comparison  solutions,  there  can  be  little  doubt 
tile  apectrottcopical  method  of  identifying  colouring-matters  will  be 
I  of  great  value. 

aJkUj,  M.  A.  Gautier 2  has  proposed  a  method  aiming  at  a  systematic 
taction  of  every  probable  colouring-matter  likely  to  be  added  to  wine, 
junr  far  the  whole,  or  any  portion,  of  this  elaborate  system  will  be 
*  followed  and  confirmed  by  chemists  remains  to  be  seen. 

1  Bcr.  dcr  deufscK.  chem.  Gtstl&cfc^  Berlin,  xiii.,  2268. 
*  J.  Ptarm.  CKim.  \  \\  xrx . ,  VV2.  ^\^m. 
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Two  cases  may  present  themselves  : — 

(a.)  The  precipitate  after  washiug  remains  wine-coloured,  lilac,  or 
maroon ;  wine,  natural,  or  adulterated  with  the  greater  part  of  the  substances 
usually  employed.    Pass  on  to  C. 

(6.)  The  precipitate  is  of  a  very  deep  wine-colour,  violet-blue,  or 
bluish ;  wines  from  the  deepest  coloured  grapes,  or  wines  coloured  with  indigo. 
Proceed  to  B. 

B.  The  precipitate  is  washed  with  water,  then  with  alcohol  of  25  p.cr 
a  part  is  then  removed  and  boiled  with  alcohol  of  85  p.c. 

(a.)  The  filtrate  is  rose,  or  wine-coloured.  A  portion  of  the  precipitate 
is  removed  from  the  filter,  suspended  in  water,  and  carefully  saturated 
with  dilute  potassium  carbonate.  The  colour  changes  to  brown  or 
blackish- brown ;  natural  wines,  or  adulterated  with  substances  other  titan 
indigo.    Pass  to  C. 

(b.)  The  filtrate  is  blue.  A  portion  of  the  precipitate  suspended  in 
water  and  treated  with  dilute  potassium  carbonate  affords  a  deep  blue 
liquid,  which  changes  to  yellow  by  an  excess  of  the  reagent.  Various 
preparations  of  indigo.  Indigo. 

C.  2  c.c.  of  wine  are  treated  with  6  to  8  c.c.  of  a  solution  of  sodium 
carbonate,  which  must  be  added  in  slight  excess  (1  c.c.)  after  the  change  of 
colour. 

(a.)  The  liquid  becomes  lilac,  or  violet ;  sometimes  the  liquid  becomes 
wine-coloured,  or  dashed  with  violet.  Brazil-wood,  cochineal,  Portugal 
berries,  fuchsine,  .  .  .  wines  of  certain  sorts,  fresh  beetroot,  logwood,  both 
elders,  whortleberries  (myrtille),  Portugal  berries.    Pass  to  D. 

(b.)  The  liquid  becomes  bluish-green,  sometimes  with  a  faint  lilac  tint, 
wine,  hollyhock,  privet,1  whortleberries,  logwood,  Portugal  berries,  fuchsine. 
Pass  to  M. 

(c.)  The  liquid  becomes  greenish-yellow  without  any  blue  or  violet, 
beetroot  (old  or  fermented  decoction),  whortleberries,  certain  rare  varieties 
of  wine.    Pass  to  L. 

D.  The  liquid  C.  (a.)  is  heated  to  boiling. 

(a.)  The  liquid  remains  wine-violet,  rose,  or  wine-lilac,  or  becomes  a 
brighter  lilac ;  logwood,  Brazil  wood,  cochineal,  certain  varieties  of  wine. 
Pass  to  E. 

(b.)  The  colour  disappears,  or  changes  to  a  yellow,  or  maroon,  or 
reddish  tint,  wine,  fuchsine,  both  elders;  whortleberries,  Portugal  berries, 
fresh  beetroot    Pass  to  F. 

E.  Treat  4  c.c.  of  the  wine  with  2  c.c.  of  each  of  a  10  per  cent,  solution 
of  alum,  and  a  10  per  cent,  solution  of  crystallised  sodium  carbonate. 
Filter. 

(a.)  Clear  yellowish-green  lake  (which  may  be  bluish  from  mixtures 
of  maroon-coloured  wines),  filtrate  colourless,  becoming  very  slightly 
yellow  on  warming ;  its  own  volume  of  aluminium  acetate  at  2°  B.  almost 
wholly  decolorises  it.  On  acidification  with  acetic  acid,  after  treatment 
with  its  own  volume  of  barium  hydrate  (saturated  solution),  the  wine 

1  The  colouring-matter  of  privet  berries  is  stated  to  be  used  in  Saxony  for  colouring 
wine  ;  it  gives  an  absorption  band  at  D. ,  and  a  faint  absorption  at  F.  This  colouring- 
matter  is  extracted  by  amyl  alcohol.  Tartaric  acid  heightens  the  colour,  shutting  out 
all  the  blue.  Alum  colours  it  beautifully  blue  and  broadens  the  absorption  at  D.t 
while  the  absorption  of  the  blue  and  green  is  diminished.  Tartaric  acid  annihilates  the 
blue  colour,  and  gives  a  colour  similar  to  wine ;  careful  neutralisation  with  ammonia 
restores  the  blue  colour  and  the  band  at  D.  ^VogeiV 
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becomes  clear  greenish-yellow  or  maroon,  pure  or  mixed  wines.  See 
Table  A. 

(b.)  Greenish-blue  lake,  or  dirty  yellowish-green,  according  to  the 
varieties  present,  sometimes  very  slightly  wine-coloured.  Filtrate  bright- 
rose,  gradually  decolorised  on  warming,  though  retaining  a  tinge  of  lilac  ; 
not  decolorised  by  lime-water  in  the  cold.    Cochin bal. 

(c.)  Wine-violet  lake,  which  darkens  on  exposure  to  the  air.  Filtrate 
bottle-green,  or  grey  faintly  red  (if  much  logwood  is  present).  The 
nitrate  becomes  green  on  warming.  Logwood. 

(d.)  Lilac,  or  maroon-lilao  lake.  Filtrate  greyish  with  tint  of  maroon. 
On  boiling,  this  nitrate  becomes  fine  old- wine  coloured.  Brazil-wood. 

F.  Treat  4  c.c.  of  the  wine  with  alum  and  sodium  carbonate  (as 
explained  at  E.),  add  to  the  mixture  two  or  three  drops  of  very  dilute 
sodium  carbonate,  and  filter. 

(a.)  The  filtrate  is  lilac  or  wine-coloured,  Portugal  berries,  fresh  beetroot. 
Pass  to  G. 

(b.)  The  filtrate  is  bottle-green,  or  reddish-green,  trine,  fuchsine,  black 
elder,  whortleberries,  beetroot    Pass  to  H. 

G.  Treat  2  c.c.  of  the  wine  with  subacetate  of  lead  solution,  of  density 
15°  B.    Shake.  Filter. 

(a.)  The  filtrate  is  rose-coloured,  which  persists  even  when  made  slightly 
alkaline;  it  slowly  disappears  on  boiling.  Lime-water  destroys  the  rose 
colour.    Portugal  Berries. 

(b.)  The  filtrate  is  yellowish,  or  brownish-red.    Fresh  Beetroot. 

H.  The  alum-lake  obtained  from  F.  (b.)  is — 

(a.)  Deep  blue.  On  treating  the  clarified  wine  with  a  few  drops  of 
aluminium  acetate  solution,  it  becomes  a  decided  violet,  or  wine  violet. 
Both  elders.    Pass  to  I. 

(b.)  Bluish-green,  green,  or  faintly  rose-tinted,  trine,  whortleberries, 
beetroot,  fuclt&ine.    Pass  to  J. 

I.  After  the  test  H.  (a.)  treat  a  fresh  quantity  of  2  c.c.  with  1*5  to 
2  c.c.  (according  to  its  acidity  and  the  depth  of  its  colour)  of  an  8  per 
cent,  solution  of  sodium  bicarbonate  charged  with  carbonic  acid. 

(a.)  The  liquid  remains  lilac  for  a  moment,  then  changes  to  greenish- 
grey  blue.  Another  specimen  treated  with  sodium  carbonate  (according 
to  C),  and  heated  to  boiling,  becomes  dark  greenish-grey.  Black 
Elder. 

(b.)  The  liquid  retains  a  lilac  tint,  or  becomes  grey  with  mixture  of 
maroon,  or  dirty  lilac.  Another  specimen  treated  with  sodium  carbonate 
(as  at  C.)  tends  to  discolour  on  heating,  the  green  being  replaced  by  red. 
Dwarf  Elder. 

J.  Treat  5  c.c.  of  the  clarified  wine  with  a  slight  excess  of 
ammonia,  heat  to  boiling,  and  after  cooling  shake  with  10  c.c.  of  ether, 
decant  and  evaporate  the  ether,  and  treat  the  residue  left  on  evaporation 
with  acetic  acid. 

(a.)  The  liquid  becomes  red.  Fuchsine. 

(b.)  The  liquid  does  not  become  red,  wine,  whortleberries,  fresh  beetroot. 
Pass  to  K. 

K.  Another  specimen  is  treated  according  to  C.  with  sodium  carbonate. 

(a.)  The  colour  darkens  or  becomes  red  on  heating,  whortleberries,  fresh 
beetroot.    Pass  to  L. 

(b.)  The  greenish  or  bluish-green  liquid,  possibly  having  a  wine  tinge, 
has  a  tendency  to  discolour  on  heating.    Natural  vKue. 
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L.  Treated  with  sodium  bicarbonate  according  to  the  rules  given  at  I. 

(a.)  The  liquid  is  deep  grey,  slightly  greenish,  green,  sometimes  green 
with  very  slight  lilac  tint. 

The  clarified  wine,  treated  with  an  equal  volume  of  saturated  baryta 
water,  and  filtered  after  standing  for  fifteen  minutes,  gives  a  dirty  yellow, 
or  slightly  greenish  filtrate. 

With  an  equal  volume  of  aluminium  acetate  of  2°  B.  it  gives  a  lilac 
wine-coloured  nitrate. 

With  a  few  drops  of  aluminate  of  potash  no  change  of  colour.  With 
sodium  carbonate,  employed  as  at  C,  the  liquid  tends  to  lose  its  colour  on 
heating.  With  barium  peroxide,  used  according  to  Table  A,  column  P, 
the  liquid  is  faintly  rose-tinted,  with  or  without  an  orange-coloured  deposit 
on  the  barium  peroxide.    Natural  Wine. 

With  the  general  characters  above  indicated,  if  with  baryta  water  it 
affords  a  madeira-coloured  filtrate,  changing  to  buff  on  acidulation  with 
acetic  acid ;  if  with  borax  it  becomes  deep-green  with  a  bluish  cast ;  if 
with  alum  and  sodium  carbonate  (as  at  E)  a  precipitate  falls  of  a  deep 
bottle-green,  with  bluish  tinge,  and  if  with  aluminium  acetate  it  remains 
rose-coloured  with  no  change  to  violet-blue.  Teinturier. 

(b.)  The  liquid  is  reddish-yellow  or  brown-lilac.  By  treatment  with 
acetate  of  alumina  the  filtrate  is  clear  lilac.  With  a  few  drops  of 
aluminate  of  potash  the  colour  becomes  that  cf  the  skin  of  an  onion,  and 
with  a  larger  quantity  of  the  reagent  the  colour  is  green,  tinged  with 
maroon.  With  sodium  carbonate  (employed  as  at  C.)  the  fluid  passes  to 
yellowish  or  greyish-yellow,  with  tinge  of  red.  With  barium  peroxide, 
flesh-coloured  liquid  with  considerable  orange-coloured  deposit  in  contact 
with  the  peroxide.    Beetroot,  fermented  or  not. 

(c.)  The  liquid  is  yellowish-grey,  with  tinge  of  green  or  red.  With 
baryta  water  the  filtrate  is  yellowish  olive-green.  With  aluminium 
acetate  the  filtrate  is  bluish  violet,  or  violet-lilac.  With  aluminate  of 
potash,  fresh  rose,  becoming  yellowish-green,  with  an  excess  of  reagent. 
With  sodium  carbonate  (as  at  C.)  the  fluid  becomes  deep  grey  on  heating. 
With  barium  peroxide  the  fluid  is  bleached,  or  remains  but  very  slightly 
roseate,  with  a  trace  of  orange  deposit  in  contact  with  the  peroxide. 
Whortleberries. 

M.  The  mixture  of  wine  and  alkaline  carbonate  C.  (b.)  is  heated 
to  boiling. 

(a.)  The  mixture  becomes  lilac-violet,  or  violet.  Logwood. 


(b.)  The  mixture  tends  to  become  decolorised,  or  changes  to  yellowish- 
green,  or  dark  green,  or  maroon  green,  natural  wines,  whortleberries,  both 
elders,  privet,  Portugal  berries,  fuchsine.    Pass  to  N. 

N.  Treat  the  wine  with  alum  and  sodium  carbonate,  as  directed  at  E., 
and  filter. 

!a.)  The  colour  of  the  filtrate  is  lilac.    Portugal  berries, 
b.)  The  filtrate  changes  to  bottle-green,  or  reddish-green.  Natural 
wines,  whortleberries,  holly hock,  privet,  both  elders,  fuchsine.    Pass  to  O. 

O.  Treat  2  c.c.  of  the  clarified  wine  with  3  or  4  c.c.  of  a  saturated 
solution  of  borax,  according  to  the  intensity  of  the  colour  of  the  wine. 

(a.)  The  liquid  remains  wine  lilac,  or  with  some  violet  tinge,  both  elders, 
privet,  whortleberries.    Pass  to  P. 

(b.)  The  fluid  becomes  bluish-grey-flax-blossom,  greenish  or  bluish-grey, 
with  very  faint  trace  of  lilac,  pure  wine,  whortleberries,  hollyhock,  fuchsine. 
Pass  to  R. 
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P.  Treat  a  new  portion  of  wine  with  sodium  bicarbonate  (as  directed 
at  I.). 

(a.)  The  tint,  at  first  lilac,  changes  afterwards  to  grey,  slightly  brownish, 
or  to  maroon.  If  a  new  portion  be  treated  with  sodium  carbonate,  according 
to  C,  and  then  heated  to  boiling,  it  becomes  clearer,  and  loses  its  green 
tint. 

The  lake  obtained  according  to  £.  is  deep  blue-green.    Dwarf  Elder. 

(b.)  The  specimen  remains  grey,  tinged  with  green,  bottle-green,  or 
yellowish.  Sometimes  (black  elder)  it  acquires  a  lilac  tint,  which  almost 
immediately  disappears,  changing  to  a  greenish-grey-blue,  whortleberries, 
black  elder,  privet    Pass  to  Q. 

Q.  Treat  a  specimen  of  the  wine  with  alum  and  carbonate  of  soda  (as 
directed  at  E.).  Shake  the  mixture,  and  after  a  few  moments  throw  it  on 
a  filter. 

(a.)  The  lake  remaining  on  the  filter  is  deep  green-blue;  the  filtrate  is 
clear  bottle-green.  A  sample  treated  with  sodium  carbonate  (as  at  C.) 
darkens  and  becomes  grey,  slightly  greenish,  on  heating  to  boiling.  Black 
Elder. 

(b.)  The  lake  is  clear  bluish  or  greenish.  The  filtrate  is  clear  bottle- 
green.  A  sample  treated  with  sodium  carbonate  (as  at  C),  and  heated  to 
boiling,  changes  to  dirty  yellowish.  Privet. 

(c.)  The  lake  is  ash-green  faintly  rose-tinted.  The  filtrate  is  bottle- 
green,  with  tint  of  maroon.  A  sample  treated  with  sodium  carbonate 
(according  to  C.)  becomes  deep  grey  on  being  heated  to  boiling.  Whortle- 
berries. 

R.  Treat  a  specimen  of  the  wine  with  ammonia  and  ether,  as  directed 
at  J. 

(a.)  The  ether  being  decanted  and  evaporated,  the  fluid  residue  becomes 
rose-coloured  on  treatment  with  acetic  acid.  Fuchsine. 

(b.)  The  liquid  left  after  the  evaporation  of  the  ether  does  not  become 
red  on  acidification  with  acetic  acid,  natural  wines,  hollyhock,  whortleberries. 
Pass  to  S. 

S.  A  sample  is  treated  with  its  own  bulk  of  a  solution  of  aluminium 
acetate  of  2°  B. 

(a.)  The  colour  of  mixture  remains  wine-coloured,  natural  wines,  wlvortle- 
berries  ;  differentiate  between  them,  as  directed  at  L  (a),  and  L  (c). 

(6.)  The  colour  of  the  mixture  becomes  violet-blue,  hollyhock,  whortle- 
berries.   Pass  to  T. 

T.  A  specimen  is  treated  with  alum,  and  sodium  carbonate  (as  at  E.), 
and  after  a  few  moments  filtered. 

(a.)  The  lake  is  dear  green,  slightly  bluish,  and  rose-tinted;  filtrate  is 
bottle-green,  with  little  maroon.  With  borax  (as  at  0),  particularly  if  the 
sample  has  been  concentrated,  the  liquid  is  grey  with  trace  of  lilac.  2  c.c. 
of  the  liquid  treated  with  3  c.c.  of  dilute  ammonia  (1  vol.  of  liq.  ammonia 
with  10  vols,  of  water),  and  the  mixture  diluted  with  its  own  bulk  of  water, 
gives  a  liquid  which  is  yellowish-grey,  greenish,  or  greenish-grey.  The 
other  characteristics  as  at  L.  Whortleberries. 

(b.)  The  lake  is  green,  slightly  bluish,  quite  free  from  rose,  filtrate 
clear  bottle-green.  With  borax  the  liquid  is  greenish  blue-grey.  With 
ammonia  (as  above),  dark  bottle-green.  With  aluminium  acetate  (as  at  S.), 
bluish-violet  coloration.  Hollyhock. 

Although  somewhat  difficult,  this  systematic  method  serves  for  the 
discovery  of  several  colouring-matters  mixed  in  one  wine,  if  the  mdic&ttoc&<& 
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Tables  A.  and  B.  are  carefully  observed  and  followed.  It  is  always  desirable 
to  determine  the  presence  of  fuchsine  by  the  special  reactions  given  further 
on.  By  means  of  Table  B.  the  presence  of  one  or  several  of  the  colouring- 
matters  may  be  detected ;  but  before  deciding,  it  is  as  well  to  verify  by 
repeating,  for  the  substances  so  found,  the  reactions  of  Table  A.  on  the 
sample ;  and  also  the  more  special  characteristics  given  further  on,  for  the 
identification  of  those  substances. 

SPECIAL  REACTIONS  FOR  THE  DETECTION  OF  CERTAIN  OF  THE 
COLOURING-MATTERS  MIXED  WITH  WINES. 

Brazil  Wood. — Even  a  very  strong  clarification  (two  or  three  times 
more  albumen  than  mentioned  at  the  head  of  Table  B.)  does  not  wholly 
decolorise  the  adulterated  wine.  It  becomes  yellow-buff,  which  on  exposure 
to  the  air  gradually  changes  to  red.  If  a  wine  that  has  been  adulterated 
with  Brazil-wood  is  clarified,  and  then  a  skein  of  scoured  silk,  washed  with 
dilute  tartaric  acid,  be  soaked  in  it  for  twenty-four  hours,  and  then  with- 
drawn, washed,  and  dried  at  60°  to  70°  C,  the  silk  will  be  found  to  be 
dyed  lilac-maroon,  or  red.  In  pure  wine,  the  skein  remains  wine  coloured 
or  lilac. 

If  the  dyed  silk  be  now  dipped  into  dilute  ammonia,  and  heated  to 
100°  C.  for  a  moment,  it  becomes  lilac-red,  if  Brazil-wood  were  present ;  but 
deep  grey,  with  scarcely  a  tinge  of  its  original  colour,  if  the  wine  were 
pure.  If  the  ammonia  be  replaced  by  lime-water,  the  skein  changes  to  ash- 
grey  if  Brazil-wood  were  present ;  but  to  a  dark,  dirty-yellowish-red  if  the 
wine  were  pure.  Finally,  if  the  skein  be  dipped  into  aluminium  acetate, 
and  then  heated  to  100°  C,  it  retains  its  wine-red  lilac  colour.  This 
reaction  differentiates  Brazil-wood  from  logwood. 

Logwood. — If  the  colour  due  to  logwood  is  in  excess  in  the  wine, 
ammonia  gives  it  a  shade  of  violet ;  if  the  proportion  of  logwood  is  small, 
the  reactions  B,  L,  N,  of  Table  A.,  which  are  very  delicate,  should  be  tried. 

A  skein  of  silk,  prepared  in  the  manner  described  for  Brazil-wood,  and 
treated  with  logwood,  becomes  dyed  lilac-red,  or  maroon,  which  dilute 
ammonia  changes  to  violet-blue  tinged  with  grey,  and  acetate  of  aluminium 
to  bluish-violet. 

Cochineal. — The  lilac,  or  roseate  tints  due  to  the  reactions  A,  B,  H,  K, 
of  Table  A.,  are  very  sensitive,  the  last  being  very  characteristic ;  the  only 
substance  likely  to  be  confounded  with  it  is  the  phytolacca  (Portugal 
berries),  which  is  differentiated  by  the  reaction  B,  of  the  same  table. 

A  skein  of  scoured  silk,  mordanted  with  aluminium  acetate  soaked  in 
the  clarified  wine  for  twenty  hours  is  dyed  of  a  wine  violet  colour,  analogous 
to  that  of  pure  wine,  on  being  dried  at  100°  C.  The  colour  does  not  change, 
even  at  100°  C,  by  cupric  acetate  (exclusion  of  fuchsine) ;  but  if  the  skein 
be  dipped  into  a  dilute  solution  of  zinc  chloride,  heated  to  100°  C,  and 
then  wetted  with  sodium  carbonate,  washed  with  water  and  dried,  the 
colour  becomes  fine  purple,  whereas  with  pure  wine  the  tint  would  remain 
sombre  grey-lilac. 

Cochineal  may  be  discovered  by  the  spectroscope  if  present  in  large 
quantity,  but  if  it  amounts  to  only  about  12  per  cent,  of  the  total  coloration, 
it  cannot  be  so  detected.  It  rapidly  separates  from  wines,  being  precipitated 
in  the  lees. 

Fuchsine. — This  should  be  sought  for  in  all  wines  found  to  be  adulterated 
with  other  substances.   The  reaction  J  of  Table  B.,  p.  463,  is  very  sensitive. 


§  331.] 


WINE. 


467 


Great  care  must  be  taken  to  avoid  loss  of  rosauiline  from  imperfect  decom- 
position of  its  salts  in  solution ;  moreover,  arsenic  should  always  be  sought 
for  where  the  wine  is  found  to  contain  any  aniline.  Fuchsine  rapidly 
separates  from  the  wines  to  which  it  has  been  added.  A  skein  of  silk 
becomes  dyed  rose  by  soaking  in  a  wine  adulterated  with  fuchsine,  and  its 
colour  passes  to  yellow  on  treatment  with  hydrochloric  acid,  but  to  bright  red 
if  the  wine  was  pure.  The  dyed  skein  treated  with  dilute  cupric  acetate, 
and  dried  at  100°  C,  becomes  fine  deep  rose- violet  if  fuchsine  is  present, 
and  of  a  lilac  tinged  with  ash-grey  if  the  wine  is  pure.  This  reaction  is 
very  sensitive. 

Phytolacca. — (Portugal  berries).  The  rose  or  lilac  colorations  of  the 
reactions  A,  G,  and  especially  C  of  Table  A.,  are  very  sensitive. 

HollyJiock — (AWicea  rosea),  much  used.  This  substance  imparts  a 
peculiar  flavour,  which  in  a  few  months  becomes  actually  disagreeable,  while 
the  colouring-matter  itself  rapidly  precipitates. 

Beetroot — This  is  generally  employed  only  to  mask  other  adulterants. 
The  lilac  tint  of  reaction  C  of  Table  A.,  if  the  beetroot  is  fresh,  and  the 
yellowish  colours  due  to  alkalies  (reactions  D,  E  and  F  of  Table  A.)  are 
very  sensitive,  even  with  old  decoctions. 

Black  Elder,  Dwarf  Elder. — The  dwarf  elder  imparts  a  faint  turpentine 
odour  to  the  wines.  The  berries  of  both  varieties  are  particularly  used  to 
communicate  a  special  colour  and  flavour  to  port  wine.  The  teinte  de 
Fismes  (p.  457),  largely  used  at  Fismes,  Paris,  and  elsewhere,  is  made  by 
digesting  250  to  500  parts  of  elder-berries,  and  30  to  60  parts  of  alum, 
with  800  to  600  parts  of  water,  and  then  submitting  the  mixture  to  pressure. 
M.  Maumene*  reports  having  discovered  as  much  as  4  to  7  grms.  of  alum 
per  litre  in  wines  adulterated  with  this  substance.  Sometimes  (though 
rarely)  the  alum  is  replaced  by  tartaric  acid.  Wines  adulterated  with 
either  yield  a  violet-blue  lake  (reaction  H,  Table  A).  By  comparison  with 
pure  wine  the  difference  is  very  marked. 

A  piece  of  flannel,  or  skein  of  silk,  mordanted  with  aluminium  acetate, 
heated  for  some  time  in  the  suspected  wine,  then  washed,  and  immersed  in 
water  made  faintly  alkaline  with  ammonia,  becomes  green  if  the  wine  is 
pure,  but  dark  brown  if  black  elder  is  present.  Probably  the  same  reaction 
occurs  with  dwarf  elder. 

Privet — This  is  seldom  used.  The  general  reactions,  particularly  A 
and  G  of  Table  A.,  may  be  referred  to  (see  also  footnote,  p.  462). 

Kino. — Said  to  be  coming  into  use.  It  is  precipitated  by  gelatin,  and 
gives  no  definite  absorption  bands.  According  to  Etti1  kino  red  is  the 
auhydride  of  kinone,  and  has  the  formula  CggH^O,!. 

Indigo. — The  reactions  A  (b)  and  B  (b)  of  Table  B.,  p.  462,  are  so 
sensitive  that  they  are  alone  sufficient  to  characterise  indigo.  Wool  or  silk 
mordanted  with  aluminium  acetate,  heated  with  20  to  40  c.c.  of  the  sus- 
pected wine  nearly  to  dryness,  washed,  and  then  dipped  into  very  dilute 
ammonia,  become  dirty  green  if  the  wine  be  pure,  but  blue  if  indigo  be 
present.  Indigo  being  often  used  to  mask  the  too  bright  colours  of  cochineal 
and  fuchsine,  these  should  always  be  sought  for  after  the  removal  of  the 
indigo  by  clarification  with  albumen.  Indigo  very  rapidly  separates  from 
wines,  and  it  may  frequently  be  found  in  the  lees,  even  when  the  wine 
itself  gives  no  indication  of  its  presence.  Except  in  such  oases  as  indigo 
and  cochineal,  it  is  only  upon  a  series  of  concordant  reactions  that  the 
presence  of  an  artificial  colouring-matter  should  be  affirmed. 

1  Ber.  d.  d.  chem.  Quells.,  xL,  1888,  1879. 
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§  332.  Mineral  Substances,  or  Ash. — The  ash  of  a  great  many  wines, 
and  especially  of  sherries,  imported  into  this  country,  consists  nearly 
entirely  of  sulphates.1  This  is  due  either  to  sulphuring  or  plastering.  It 
is  found  absolutely  necessary  to  charge  many  wines  slightly  with  sulphurous 
acid,  some  of  which  becomes  sulphuric  acid ;  and  in  such  a  case  the  chlorides 
and  carbonic  acids  are  diminished  in  the  ash,  and  the  sulphuric  increased, 
but  the  total  weight  of  the  ash  itself  is  not  materially  increased.  On  the 
other  hand,  plastering  (by  which  is  meant  the  addition  of  plaster  of  Paris 
to  the  grapes  before  they  are  crushed)  has  the  effect,  by  its  reaction  on 
cream  of  tartar,  of  producing  a  soluble  sulphate  of  potassium,  which  may 
very  materially  increase  the  ash  of  the  wine.2 

Under  absolutely  normal  conditions,  the  ash  consists  of  carbonate, 
sulphate,  phosphate,  chloride  of  potassium,  chloride  of  sodium,  phosphate 
and  carbonate  of  calcium,  with  very  small  quantities  of  magnesia,  iron, 
silica,  and  frequently  lithium  and  manganese. 

The  ash  from  a  litre  of  wine  examined  by  Boussingault  contained — 


Grms. 

Potash,8   0-842 

lime,   0*092 

Magnesia,   0*172 

Phosphoric  Acid,   0*412 

Sulphuric  Acid,   0*096 

Chlorine,   a  trace 

Carbonic  Acid,   0*250 

Sand  and  Silica,   0*006 


1*870 

With  regard  to  the  analysis  of  the  ash,  etc.,  see  p.  93,  et  seq. 

1  The  sulphuric  acid  in  sherries  ranges  from  1  '5  to  8  grms.  per  litre  (equal  to  from 
19 '0  to  93*8  grains  per  bottle  of  |  gallon). 

2  A  plastered  wine  contains  more  potash  than  one  not  plastered,  for  in  the  latter 
there  is  a  deposition  and  separation  of  the  hydro-potassic  tartrate,  but  in  plastered  wines 
from  double  decomposition  calcium  tartrate  is  formed  and  deposited,  whilst  potassic 
sulphate  passes  into  solution.  According  to  Hilger,  a  plastered  wine  always  contains 
more  than  *06  per  cent.,  SOs,  and  shows  a  notable  increase  of  the  ash  constituents.  The 
general  view  of  the  reaction  which  occurs  on  the  addition  of  calcic  sulphate  is  that  some 
tartaric  acid  is  also  set  free  according  to  the  following  equation  : — 

2C4H5K06  +  S04Ca = C4H4CaOe  +  S04Ka  +  C4He06. 

This  free  acid  again  acts  on  the  potassic  sulphate,  forming  S04HK  and  C4H5K06. 
R.  Eayser,  on  the  other  hand,  considers  that  free  phosphoric  acid  is  formed — 
S04Ca  +  C4H6K06 = S04HK  +  C4H4Ca06, 

and  then  S04H  K  +  P04H2K = SO^  +  P04H3, 

and  that  it  is  this  free  phosphoric  acid  which  gives  the  lively  tint  to  red  wines.  Plastering 
clears  a  wine  rapidly,  because  the  calcic  tartrate  quickly  separates.  The  main  chemical 
changes,  therefore,  which  can  be  traced  are,  briefly,  a  decrease  in  the  tartaric  acid  and  an 
increase  in  potash  and  sulphates.  The  standard  in  use  in  the  Paris  Municipal  Laboratory 
is  2  grms.  per  litre  of  potassic  sulphate ;  should  a  wine  contain  more  than  this  quantity, 
it  is  considered  plastered.  The  maximum  amount  of  potassic  sulphate  found  by  Si.  Marty 
in  genuine  wine  was  "6  grm.  per  litre.  A  preliminary  examination  of  the  wine  is  effected 
as  follows  : — A  solution  of  5*608  grms.  of  baric  chloride  and  100  c.c  of  HC1  is  made  up  to 
a  litre  with  water.  Two  tubes  are  charged,  each  with  20  c.c.  of  wine,  and  to  the  one  is 
added  5  c.c.  and  to  the  other  10  c.c.  of  the  barium  of  chloride  solution.  If,  after  the 
precipitate  has  subsided,  the  clear  liquid  from  the  5  c.c.  tube  gives  no  precipitate,  the 
wine  is  not  plastered  ;  or,  if  it  gives  a  precipitate,  whilst  the  second  tube  gives  no  pre- 
cipitate, the  plastering  is  beneath  the  standard  ;  but  if  the  second  tube  gives  a  precipitate, 
the  wine  is  plastered,  and  the  usual  methods  of  estimation  must  be  adopted. 

3  The  rule  is  that  nearly  half  the  ash  of  a  natural  wine  consists  of  Kfi  in  combination. 
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§  888.  Detection  of  Fluoborate*  and  FluosMcates. — Alkaline  fluoboratea  and  some- 
times alkaline  fluosilicates  are  used  as  antiseptics  in  the  manufacture  of  wine.  Their 
detection  is  as  follows : — 100  c.  c.  of  wine  are  treated  with  an  excess  of  calcium  hydrate 
and  evaporated  to  dryness  and  ignited.  Should  fluoborate  have  been  used  the  borate  of 
lime  is  soluble  in  acetic  acid,  while  both  fluoride  and  silicate  of  lime  are  insoluble  in 
acetic  acid.  Therefore,  after  ignition  the  ash  is  treated  with  acetic  acid  and  filtered.  On 
evaporating  the  acetic  acid  solution  to  dryness  the  residue  is  tested  for  boric  acid  as 
described  on  p.  284.  Silicates  are  determined  in  the  insoluble  portion  of  the  ash  remain- 
ing on  the  filter,  and  fluorides  are  detected  by  heating  the  ash  so  as  to  render  it  anhydrous, 
and,  after  mixing  with  a  little  sand,  transferring  it  to  a  test-tube,  then  adding  sufficient 
strong  sulphuric  acid  to  form  a  paste  and  dosing  the  mouth  of  the  test-tube  with  a  cork 
carrying  a  small  U-tube,  a  single  drop  of  water  having  been  put  in  the  bend.  On  now 
heating  the  test-tube,  fluoride  of  silicon  is  evolved;  but  immediately  decomposes  on 
passing  through  the  drop  of  water  ;  hence  there  is  a  characteristic  deposit  of  gelatinous 
silica  in  the  U-tube. 

If,  therefore,  by  these  processes  silicon  and  fluorine  are  detected,  the  amount  of  silica 
being  in  excess  of  what  is  usual  in  the  ash,  a  silicofluoride  has  been  added  ;  or,  if  fluorine 
and  boric  acid  have  been  found,  this  denotes  the  presence  of  a  fluoborate. 
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VINEGAR. 

§  334.  Constituents  of  Commercial  Vinegar.  —  Vinegar  is  a  liquid 
resulting  from  the  acetous  fermentation  of  a  vegetable  infusion  or  decoction ; 
it  contains  acetic  acid,  acetic  ether,  alcohol,  sugar,  gum,  extractive  matter, 
alkaline  acetates,  and  tartrates,  and  a  variable  amount  of  salts  (depending 
on  the  substances  from  which  it  has  been  produced). 

Varieties  of  Vinegar. — The  chief  varieties  of  vinegar  are  as  follows : — 

(1.)  Malt- Vinegar. — The  great  majority  of  commercial  vinegars  in 
this  country  are  derived  from  the  acetous  fermentation  of  a  wort,  made 
from  mixtures  of  malt  and  barley.  Malt-vinegar  is  of  a  decided  brown 
colour,  in  specific  gravity  varying  from  1*017  to  1*019;  it  is  of  various 
degrees  of  strength,  the  manufacturers  distinguishing  different  kinds  as 
Nos.  18,  20,  22,  and  24  respectively,  the  last  being  the  strongest,  and 
containing  from  4*6  to  6*6  per  cent,  of  acetic  acid. 

Malt  vinegars  contain  from  *095  to  '12  per  cent,  of  nitrogen.  Vinegar 
made  from  sugar  contains,  according  to  Allen,  about  '016  per  cent,  of 
nitrogen. 

Malt  vinegars  contain  phosphates  in  quantities  varying  from  '057  to 
•093  per  cent,  calculated  as  phosphoric  acid.  They  should  only  contain 
sulphates  derived  from  the  malt  and  water  used  in  their  manufacture ; 
this  should  not  amount  to  more  than  about  '01  to  '04  per  cent,  calculated 
as  sulphuric  acid.    Malt  vinegar  contains  no  acid  potassium  tartrate. 

(2.)  Wine-Vinegar  is  the  chief  vinegar  in  Continental  commerce.  It 
is  prepared  from  grape- juice  and  inferior  new  wines;  that  made  from 
white  wine  is  most  esteemed.  The  wine-vinegars  vary  in  colour  from 
pale  yellow  to  red ;  they  have  nearly  always  an  alcoholic  odour,  and 
contain  some  alcohol;  specific  gravity  from  1*014  to  1*022.  A  litre  of 
Orleans  vinegar  (according  to  Chevallier's 1  analyses  of  actual  samples) 
saturates  from  6  to  7  grms.  of  dry  carbonate  of  soda.  The  extract  from 
pure  wine-vinegar  varies  from  1*38  to  3 -2  per  cent.,  the  average  being 
1*93  per  cent.,  and  always  contains  from  '25  to  *5  grm.  of  acid  potassium 
tartrate  (see  Table  LIV.). 

Small  quantities  of  reducing  sugar  (from  '007  to  '46),  as  well  as  some 
of  the  wine  ethers,  are  usually  present.  The  relation  between  the  extract 
and  acid  does  not,  as  a  rule,  exceed  3*5  per  cent. 

Cider  Vinegar  has  a  characteristic  taste  and  odour  of  apples.  It 
contains  an  average  extract  of  2*8  per  cent.,  and  from  3 '2  to  7 '6  per  cent, 
of  acid  and  -31  to  '51  per  cent,  of  ash. 

1  Journ.  d'Hyg.,  1877,  No.  46. 
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The  solids  consist  of  glycerol,  albuminous  matter,  gums,  malic,  and 
other  organic  acids.  It  gives  no  optical  rotation,  and  has  no  reducing 
power  after  clarification  with  lead  acetate.  The  ash  contains  a  large 
amount  of  potassium,  but  no  sodium.  The  phosphates  in  the  ash  are 
high  (42*1  to  17*8  per  cent,  of  the  ash),  and  differ  from  those  contained  in 
other  vinegars  in  that  at  least  §  of  them  are  soluble  in  water.  Crab- 
Vinegar  is  made  from  the  crab  apple,  and  is  common  in  Wales. 

Spirit  Vinegar  is  made  from  alcohol,  and  differs  from  the  others  in 
having  a  small  extract  and  only  a  trace  of  ash  which  has  a  very  slight 
alkalinity.    It  contains  only  a  trace  of  phosphates. 

Grain  and  Sugqr  Vinegars. — These  are  made  from  various  grains,  such 
as  maize  and  rice.  They  are  similar  to  malt  vinegars,  but  contain  less 
nitrogen.  They  often  contain  much  sulphate.  Dextrin  is  usually  present, 
and  may  be  precipitated  by  alcohol. 

Various  Artificial  Vinegars,  such  as  diluted  acetic  and  pyroligneous 
acids,  coloured  to  resemble  the  dearer  kinds  of  vinegar. 


TABLE  LIV.— The  Composition  of  Various  Kinds  of  Vinegar. 
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Acetic  A 
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Original  S< 
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Relation 
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Wine  Vinegar — 

p.c. 

p.c. 

p.c. 

1-0213 

8-19 

7-58 

14-26 

2-3 

0*68 

Min.,  . 

1-0129 

1-38 

4-44 

8-04 

8-2 

0*16 

Mean, . 
Spirit  Vinegar- 

1-0175 

1-93 

6*33 

11-42 

3-2 

0-32 

1-013 

0*57 

7-98 

12-54 

13-8 

0*08 

1-008 

0-16 

4-98 

7-63 

30*0 

Trace. 

1-0082 

0-35 

6*34 

9*86 

18-1 

0*04 

Date  Vinegar — 

1-0195 

2-68 

6-60 

12*58 

2*4 

0-47 

Min.,  . 

1-0170 

2*29 

6*30 

1174 

2-7 

0-40 

Malt  Vinegar.  . 

1-0185 

2-40 

6'44 

12*10 

2-6 

0-44 

1-019 

2*93 

578 

11-60 

2*9 

0-44 

Malt  Vineear,  which  has  also  | 
been  made  from  sugar.  ( 

1-015 

2-01 

5*52 

10*24 

2  8 

0*34 

Rice  Vinegar,  . 

1-017 

2-53 

5-64 

10*99 

2*2 

0-34 

Sugar  Vinegar, . 

1-010 

1-64 

4-21 

10-84 

2  6 

0-27 

Vinegar  certified  to  contain  1 
70  p.c.  of  pyroligneous  acid,  J 

1-007 

0-21 

470 

7*26 

22  2 

0  04 

The  above  table  contains  results  reduced  and  collated  from  Sangle  Ferriere,  Allen, 
Hehner,  and  others. 


§  335.  Adulterations. — The  adulterations  of  vinegar  are — 
(1.)  Mineral  acids,  especially  sulphuric,  more  rarely  hydrochloric,  and 
still  more  rarely  nitric  acids. 

(2.)  Metallic  adulterations,  or  rather  impurities;  such  as  arsenic1 

1  "The  observations  of  M.  Deschamps  induced  us  to  analyse  a  vinegar  sold  by  a 
certain  Sieur  C.  .  .  .  The  presence  of  arsenic  in  this  vinegar  was  ascertained,  and  the 
Sieur  C.  was  compelled  to  confess  that  the  vinegar  had  been  mixed  with  wood- vinegar. 
On  resorting  to  the  person  who  fvmri&h«&  th*  latter  product,  the  whole  of  the  wood- 
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(derived  from  sulphuric  acid),  copper,1  lead,  zinc,  and  tin,  from  the  solvent 
action  of  the  acid  on  any  metallic  surfaces  with  which  it  may  have  come 
in  contact. 

!3.)  Pyroligneous  acid. 
4.)  Various  organic  substances,  such  as  colouring  agents,  and  capsicum. 
§  336.  Analysts  of  Vinegar, — (1.)  Water. — Good  vinegar  should  contain 
from  5  to  7  per  cent,  of  acetic  acid  (C2H402).    Three  per  cent,  of  acetic 
acid  is,  however,  the  standard  adopted  in  this  country  by  the  Government 
Laboratory  for  the  purposes  of  the  Sale  of  Food  and  Drugs  Act. 

The  amount  of  acetic  acid  may  be  estimated  with  fair  accuracy  by 
diluting  6  c.c.  of  the  sample  with  50  c.c.  of  water  and  titrating  with  d.  n. 
sodium  hydroxide.  The  percentage  of  acetic  acid  is  one-tenth  of  the  number 
of  c.cs  of  alkali  required  for  neutralisation. 

The  acetic  acid  may  also  be  estimated  by  distilling  110  c.c.  until 
100  cc.  have  been  drawn  over,  that  is,  ten-elevenths.  The  100  c.c.  will 
contain  80  per  cent,  of  the  whole  acetic  acid  present  in  the  110  c.c,  and 
may  be  titrated  ;  or  the  specific  gravity  of  the  distillate  may  be  taken,  and 
the  strength  found  from  the  following  table  : — 


Per  cent 

8p.gr. 

Per  cent 

Sp.  gr. 

Per  cent. 

Sp.gr. 

1    .  . 

.  1-001 

8    .  . 

.  1-012 

15    .  . 

.  1-022 

2    .  . 

.  1-002 

9    .  . 

.  1-013 

16   .  . 

.  1-023 

3    .  . 

.  1-004 

10    .  . 

.  1-015 

17    .  . 

.  1-024 

4    .  . 

.  1-005 

11    .  . 

.  1-016 

18    .  . 

.  1-025 

5    .  . 

.  1-007 

12   .  . 

.  1-017 

19    .  . 

.  1*026 

6    .  . 

.  1-008 

13    .  . 

.  1-018 

20   .  . 

.  1-027 

7    .  . 

.  1-010 

14    .  . 

.  T020 

Vinegar  may  also  be  distilled  in  a  vacuum  produced  by  a  mercury  or 
water  pump ;  it  should  be  distilled  into  caustic  soda  or  potash  of  known 
strength,  and  then  titrated  back.  By  distilling  thrice  to  dryness,  adding 
a  little  water  each  time,  the  whole  of  the  acetic  acid  comes  over. 

It  will  be  necessary  to  test  the  distillate  for  the  presence  of  hydro- 
chloric acid,  and  also  to  take  the  acidity  of  the  vinegar  without  distillation, 
so  as  to  control  the  results. 

If  absolutely  accurate  determinations  are  required,  it  is  best  to  add 
an  excess  of  carefully  weighed  pure  carbonate  of  lime  to  a  known  weight 
of  the  vinegar ;  the  liquid  is  boiled,  filtered,  and  the  residual  carbonate  of 
lime  filtered  off,  dissolved  in  slight  excess  of  normal  hydrochloric  acid, 
and  titrated  back  with  caustic  soda  and  cochineal  solution.  From  the 
amount  of  carbonate  thus  found  to  have  been  unacted  on  by  the  vinegar, 
the  total  acidity  is  calculated.  Carbonate  of  barium  may  with  advantage 
replace  the  lime  carbonate. 

Total  Solids  or  Extract — 5  c.c.  of  the  vinegar  should  be  evaporated 
to  a  constant  weight  in  a  platinum  dish  on  the  water-bath. 

Apple  pulp  exhausted  of  malic  acid  is  said  to  be  added  to  vinegars  in 
order  to  increase  the  solid  residue.  According  to  Dr.  Frear2  any  residue 
containing  more  than  50  per  cent,  of  reducing  sugar  in  its  total  solids 
contains  un fermented  sugar  material.    If  the  sample  is  supposed  to  be 

vinegar  in  his  possession  was  found  arsenical,  and  seized,  in  order  to  be  employed  only 
for  industrial  use." — ''Le  Vinaigre,"  Chevallier,  Journ.  d'Ifyg.,  No.  46,  June,  1877. 

1  Seven  out  of  twelve  samples  of  vinegar  sold  in  Paris,  and  analysed  by  Alfred 
Riche,  contained  copper  varying  from  5  to  15  mgrms.  per  litre.  Journ.  Pharm.  Chirtu 
[4],  xxvj.,  23-28. 

2  Report  of  the  Pennsylvania  Department  of  Agricvdtwrt^  ^. 
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true  wine  vinegar,  the  solid  residue  should  be  tested  for  add  potassium 
tartrate. 

Ank. — The  residue  from  10  c.c.  should  be  burned  at  as  low  a  tempera- 
ture as  possible.  It  should  be  tested  for  chlorides  and  sulphates ;  these, 
if  excessive,  should  be  estimated  The  total  phosphates  and  the  soluble 
phosphates  should  be  estimated. 

If  the  ash  of  vinegar  is  less  than  10  per  cent,  of  the  total  solids, 
unfermented  sugar  material  is  probably  present ;  while  if  it  be  less  than 
6  per  cent  of  the  solids,  it  cannot  be  a  genuine  cider  vinegar.1 

Nitrogen. — The  amount  of  nitrogen  should  be  estimated,  by  the 
Kjeldahl-Gunning  method,  in  50  c.c.  of  the  sample. 

Mineral  Acids. — By  the  Vinegar  Act  of  1818,  sulphuric  acid  was 
allowed  to  be  added  to  vinegar,  "in  the  proportion  not  exceeding  one- 
thousandth  part  thereof  by  weight."  This  Act  was,  however,  repealed  in 
1861,  and  it  is  now  illegal  to  add  any  mineral  acid  to  vinegar.  Good 
vinegar  should  contain  no  mineral  salts  other  than  those  contained  in  the 
brewing  materials.  There  is,  however,  at  present  no  legal  decision 
preventing  manufacturers  from  using  water  heavily  charged  with  sulphates, 
or  from  adding  calcium  sulphate,  or  from  introducing  calcium  sulphate 
by  '  killing '  the  acid  with  lime  in  the  manufacture  of  vinegar  from  grain. 

Free  HydroMoric  Acid  is  detected  by  the  distillation  already  described, 
and  the  testing  of  the  distillate  with  nitrate  of  silver. 

Free  Nitric  Acid  may  (in  the  absence  of  other  reducing  agents)  be 
detected  by  the  rapid  decoloration  of  a  solution  of  indigo  carmine  added 
to  the  boiling  vinegar,  or  by  the  diphenylamine  test  (see  article  on  Water). 

Free  Sulphuric  Acid  cannot  be  detected  by  the  usual  chloride  of  barium 
test,  for  it  fails  to  distinguish  between  free  and  combined  sulphuric  acid. 
The  charring  effect  of  the  acid  on  paper,  on  sugar,  or  its  action  on  starch 
(formerly  taken  as  the  basis  of  the  older  tests),  is  now  replaced  by  more 
scientific  methods,  and  need  not  be  described  here. 

One  of  the  most  speedy  tests  for  the  presence  of  mineral  acids  is  that 
proposed  by  A.  Hilger2: — Two  or  three  drops  of  a  solution  of  methyl 
aniline  violet  (0*1  :  100)  are  added  to  25  c.c.  of  vinegar ;  if  pure,  no  colour 
is  produced ;  but  if  *2  per  cent,  of  any  mineral  acid  is  present,  the  colour 
is  blue ;  or  if  *5  per  cent.,  blue-green ;  and  if  1  per  cent.,  green. 

A.  Ashby's  test  is  also  a  reliable  and  rapid  one : — A  drop  of  logwood 
extract  in  water  (0*5  gramme  to  100  c.c.)  is  dried  on  a  porcelain  plate, 
a  drop  of  vinegar  added,  and  again  dried.  Pure  vinegar  gives  a  yellow 
residue,  but  if  free  mineral  acid  be  present  the  residue  is  red. 

Another  useful  test  is  that  of  M.  Strohl ; 8  it  is  based  on  the  well- 
known  fact,  that  oxalate  of  lime  is  insoluble  in  acetic,  but  soluble  in 
mineral  acids.  The  solutions  requisite  are — a  solution  of  calcic  chloride 
(15*1  grms.  to  the  litre)  and  a  solution  of  crystallised  ammonic  oxalate 
(28*4  grms.  to  the  litre) ;  £  c.c.  of  each  of  these  liquids  is  added  to  50  c.c. 
of  the  vinegar  under  examination,  and  if  the  turbidity  which  is  at  first 
produced  does  not  disappear,  the  liquid  contains  less  thau — 


The  test,  without  claim  to  great  accuracy,  is  extremely  useful ;  for  if  any 
1  Report  of  the  Pennsylvania  Department  of  Agriculture,  1898,  p.  138. 


1*70  grm.  per  cent  sulphuric  acid  (specific  gravity  1*843)  per  litre. 
a*86  hydrochloric  acid  (   „        „  1174) 

4*40         „      mtricacid  (  „      1*174)  ,, 
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suspicious  indication  be  observed,  the  vinegar  may  be  then  submitted  to 
a  more  elaborate  examination  for  free  acids. 

As  speedy  as  any  of  the  foregoing,  and  at  once  more  scientific  and 
accurate,  is  the  process  introduced  by  Hehner.  Its  principle  is  based  upon 
the  fact  that  vinegar  always  contains  potash  and  soda  salts  of  the  organic 
acid ;  hence,  it  is  obvious  that  sulphuric  or  hydrochloric  acids,  if  added  in 
small  quantity,  merely  decompose  an  equivalent  quantity  of  acetate  or 
tartrate,  as  the  case  may  be,  and  as  free  acids  immediately  disappear; 
but  if  added  in  excess  of  the  amount  of  acetates  and  tartrates,  the  excess 
remains  as  free  acid.  It  thus  follows,  that  if  any  undecomposed  acetate 
or  tartrate  exists  in  the  vinegar,  it  is  impossible  for  a  free  mineral  acid  to 
be  present;  and  since  the  acetates  and  tartrates  are  decomposed  by 
ignition  into  carbonates,  the  readiest  way  to  ascertain  their  existence  is  to 
examine  the  ash  of  the  vinegar  for  carbonates.  If  that  ash  is  neutral, 
free  mineral  acid  is  probably  present ;  if  alkaline,  no  free  acid  can  be 
present,  although,  of  course,  a  small  quantity  may  originally  have  been 
added. 

The  qualitative  test  devised  by  Hehner  is  also  made  quantitative.  If 
an  accurately-estimated  volume  of  d.  n.  soda  solution  is  added  to  a  known 
quantity  of  the  vinegar,  so  as  to  neutralise  slightly  in  excess  the  total 
amount  of  free  mineral  acid  present,  on  ignition  the  alkalinity  of  the  ash 
gives  the  measure  of  the  quantity  of  free  sulphuric  or  hydrochloric  acid. 
The  exact  details  of  this  operation,  as  practised  by  Hehner,  are  as 
follows: — 50  c.c.  of  the  vinegar  are  mixed  with  25  c.c.  of  d.  n.  soda;  the 
liquid  is  evaporated  on  a  water-bath  in  a  platinum  basin,  the  residue  dried 
at  about  110  C,  and  carefully  incinerated  at  the  lowest  possible  temperature 
— the  ash  need  not  be  burned  white.  25  c.c.  of  a  d.  n.  sulphuric  acid 
solution  are  now  added  to  the  ash,  the  liquid  heated  to  expel  free  CO^ 
and  filtered.  The  filter  is  washed  with  hot  water,  litmus  added,1  and  the 
acidity  ascertained  by  d.  n.  soda.  The  volume  of  soda  necessary  for 
neutralisation  directly  gives  the  proportion  of  free  mineral  acid  present 
in  the  vinegar,  100  c.c.  of  d.  n.  corresponding  to  '49  grm.  of  H2S04.  If 
the  amount  of  alkali  originally  added  should  have  been  insufficient,  it  is 
necessary  to  recommence  the  experiment.  For  this  reason  Allen  and 
Bodmer  made  some  experiments  in  which  the  preceding  manipulation  was 
modified  by  neutralising  the  whole  of  the  acid,  organic  and  inorganic,  by 
soda  solution.  The  results  were  satisfactory,  but  great  care  must  be  taken 
to  titrate  accurately. 

Another  very  satisfactory  way  of  separating  and  identifying  the  free 
mineral  acids  in  vinegar  is  the  following: — Saturate  a  known  quantity 
with  cinchonine,  evaporate  to  dryness,  take  up  the  quinine  salts  with 
spirit,  recover  the  spirit  by  distillation,  dissolve  the  cinchonine  salt  in 
water,  and  precipitate  by  ammonia.  The  aqueous  liquid  will  now  contain 
the  acetate  of  ammonia,  together  with  the  sulphate,  chloride  or  nitrate ; 
if  any  one,  or  all  three,  of  the  free  acids  were  present,  the  acids  may  be 
determined  in  the  usual  way. 

A  method  of  separating  free  sulphuric  acid  from  sulphates  is  to 
evaporate  the  vinegar  to  a  syrup,  precipitate  the  sulphates  by  alcohol, 
filter,  wash  the  precipitated  salts  with  alcohol,  and  determine  the  free 
sulphuric  acid  in  the  alcoholic  solution.  Provided  sufficient  alcohol  be 
added,  the  separation  of  free  from  combined  sulphuric  acid  is  exact. 

1  Instead  of  litmus,  cochineal  may  be  used ;  the  latter  is  unaffected  by  C02,  and 
therefore  preferable. 
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Another  method,  the  principle  of  which  was  proposed  by  Thresh, 
and  which  has  been  improved  upon  by  W.  C.  Young,  is  to  add  to  a 
known  measure  of  vinegar  an  excess  of  BaCl2 ;  the  chlorine  in  a  portion 
of  the  liquid  is  now  determined  with  great  care,  the  rest  is  evaporated, 
ignited,  and  the  chlorine  of  the  ash  determined.  The  difference  represents 
the  free  mineral  acid  in  terms  of  chlorine.  The  presence  of  free  tartaric 
or  citric  acids  quite  invalidates  the  accuracy  of  the  process,  but,  with  these 
exceptions,  it  is  generally  applicable. 

(3.)  Colouring  Matter. — Vinegar  is  often  coloured  with  caramel ; 
sometimes  simply  acetic  acid  thus  coloured  is  sold  as  'vinegar.'  The 
vinegar  should  be  well  shaken  up  with  a  little  Fuller's  earth  and  filtered ; 
if  caramel  is  present  the  filtrate  will  be  very  much  paler  than  the  original 
liquid.  The  estimation  and  detection  of  caramel  has  been  worked  out  by 
C.  Amthor1  as  follows  : — 10  c.c.  of  the  liquid  are  put  into  a  flask  with  30 
to  50  c.c.  of  paraldehyde,  and  absolute  alcohol  added  until  the  liquids  have 
mixed  thoroughly.  The  flask  is  corked  and  allowed  to  remain  undisturbed 
for  twenty-four  hours;  by  that  time  the  caramel  will  have  precipitated. 
To  still  further  identify  it,  the  liquid  is  decanted,  the  precipitate  washed 
with  a  little  alcohol,  dissolved  in  hot  water,  and  reduced  by  evaporation 
until  it  measures  a  cubic  centimetre.  On  now  treating  the  solution  with 
phenylhydrazine,  an  insoluble  compound  is  obtained.  This  is  distinguished 
from  the  osazones  of  sugar  by  its  amorphous  appearance. 

Estimations  of  caramel  are  best  made  by  imitating  the  colour  of  the 
paraldehyde  precipitate;  for  this  purpose  the  precipitate  is  dissolved  in 
water,  made  up  to  100,  and  a  solution  of  known  caramel  content  used  as 
a  comparison  liquid.  Possibly  the  phenylhydrazine  compound  could  be 
weighed,  but  the  limits  of  accuracy  in  this  direction  have  not  yet  been 
defined,  and  the  formula  of  caramel  is  not  accurately  known.  A.  Sabaneef 
and  J.  Antushevitch  2  believe,  from  cryoscopic  researches,  that  its  formula 
is  C125H188O80.  .  ,       ,  , 

The  colouring  of  vinegar  with  coal  tar  dyes  does  not  seem  to  be 
practised  at  the  present  time,  but  it  is  probable  that  these  dyes  will  be  put 
to  this  purpose,  and  in  special  cases  they  should  be  sought  for  by  the 
ordinary  methods. 

(4)  Metallic  Adulterations. — Metals  of  the  first  group  in  vinegar  are 
detected  by  saturating  the  liquid  with  hydric  sulphide  (if  the  sample  is 
not  deeply  coloured)  or  by  specially  testing  the  ash  for  copper,  zinc,  tin, 
and  lead,  by  the  usual  methods.  Arsenic  may  be  tested  for  by  Reinsch's,  or 
Marsh's  test  (see  pp.  436-441). 

Zinc  may  be  presumed  to  be  absent  if  the  nearly  neutralised  vinegar 
gives  no  precipitate  with  hydric  sulphide. 

From  the  foregoing  it  will  be  seen  that  it  is  possible  to  distinguish 
between  the  different  vinegars  by  a  consideration  of  the  analytical  figures 
obtained  from  them.  The  watering  of  a  genuine  vinegar  will  be  indicated 
by  the  low  solids  and  low  acetic  acid.  Diluted  acetic  acid  coloured  with 
caramel  or  with  strongly  scorched  malt,  or  diluted  pyroligneous  acid,  will 
be  found  to  have  low  solids  and  ash,  and  only  a  trace  of  phosphates,  while 
the  acetic  acid  is  usually  high.  Pyroligneous  acid  may  sometimes  contain 
tarry  products.  It  may  be  recognised,  according  to  the  French  chemists, 
by  the  larger  amount  of  furfurol  than  is  the  case  with  the  other  vinegars. 
A  vinegar  made  from  glucose,  or  from  rice  converted  into  glucose  by 

1  ZeU.  f.  anal.  ChemU,  xxiv.,  80-33. 

2  JRuw.  CJvem.  SocM  xwM  23-31. 
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inverting  with  sulphuric  acid,  may  show  traces  of  its  origin  in  excessive 
sulphates.    Dextrin  may  often  be  precipitated  and  identified. 

§  337-  Interpretation  of  tlie  Results  of  Vinegar  Analyses. — The  chemists 
of  the  Municipal  Laboratory,  Paris,  interpret  the  results  of  their  analyses 
of  wine-vinegar  according  to  the  following  principles.  The  normal  weight 
of  extract  and  alcohol  in  wine  is  in  the  proportion  of  4  :  1 ;  a  tenth  per 
cent,  of  the  extract  is  lost  during  acetification ;  on  the  other  hand,  130 
grms.,  theoretically,  of  acetic  acid  is  produced  from  100  grnis.  of  alcohol ; 
in  practice  this  must  be  diminished  15  per  cent.  The  following  table 
gives  a  calculation  on  the  above  basis : — 


Alcoholic  Strength. 
Per  cent  (vol.). 


6 
7 
8 
9 
10 
11 
12 


Acetic  Acid. 
Per  cent. 


5-315 
6*211 
7*105 
8-00 
8*895 
9*801 
10*71 


Extract  of  Vinegar. 
Per  cent. 


1-08 
1-26 
1-44 
1-62 
1-80 

1-  98 

2-  16 


The  relation  existing  between  the  acetic  acid  and  the  extract  is  equal 
to  4*9 ;  if  a  vinegar  has  a  relation  higher  than  this,  allowing  at  the  most 
a  tenth  (that  is,  really  5*0),  an  addition  of  alcohol  is  indicated,  whether 
an  actual  addition  or  whether  from  the  use  of  a  fortified  wine.  The  table 
also  indicates  the  maximum  and  minimum  quantities  of  acid  which  can  be 
furnished  by  wines  of  from  6  to  12  per  cent,  of  alcohol;  and  should  the 
proportion  of  acetic  acid  fall  below  5*3  per  cent.,  watering  may  be  con- 
cluded, especially  if  the  potassic  tartrate,  ash,  and  extract  are  diminished 
in  the  same  proportions.  The  French  standard  for  vinegar  is,  therefore, 
near  the  standard  of  our  old  pharmacopoeia  (5*41  per  cent.).  Vinegar  is 
now  omitted  from  the  British  Pharmacopoeia. 

It  has  been  proposed  by  Hehner  to  calculate  the  various  constituents 
on  the  original  solida  of  the  vinegar.  As  60  parts  of  acetic  acid  are 
theoretically  produced  from  90  of  glucose,  the  acetic  acid  is  multiplied  by 
1*5,  as  representing  theoretically  the  sugar  from  which  the  acetic  acid 
was  derived.  To  this  figure  is  added  the  total  extractive  matter  still 
contained  in  the  wort- vinegar,  and  the  number  thus  obtained  represents 
the  '  original  solids '  of  the  wort.  Examples  of  this  calculation  are  shown 
in  Table  LI  V.  This  number  obtained,  the  ash,  acetic  acid,  and  albuminoids 
may  be  calculated  out  in  terms  of  the  original  solids,  which  is  doubtless 
a  better  guide  to  composition  than  the  usual  way  of  stating  them.  For 
example,  calculating  a  malt-,  a  ( spirit-,'  and  a  '  sugar  '-vinegar  in  per  cent, 
of  the  total  solids,  the  results  are  as  follows : — 

Malt-  Spirit-  Sugar- 

Vinegar.         Vinegar.  Vinegar. 

Acetic  acid,  .             .  49*8  68*2  50*0 

Albuminoids,       .  5  "9  0*8  1*15 

Phosphoric  acid,   .      .  0'8  0*0  0*18 

Ash   8'8  0-4  8-35 
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Lemon  Juice  and  Lime  Juice. 

§  338.  Lemon  juice  is  the  expressed  juice  of  the  Citrus  limonum,  and 
lime  juice  that  of  the  Citrus  acida  and  Citrus  limetta.  The  Board  of 
Trade  standard  for  lemon  juice  is  a  density  of  1*030  [when  dealcoholised], 
and  an  acidity  equivalent  to  30  grains  per  ounce  of  citric  acid.  The 
British  Pharmacopoeia  directs  that  lemon  juice  should  have  a  specific 
gravity  of  1*039,  and  should  contain  32*5  grains  of  citric  acid  per  ounce. 

Lemon,  lime,  and  bergamot  juice  are  all  similar  in  their  composition, 
containing  citric  acid  as  the  predominant  free  acid,  and  small  quantities 
of  acetic,  formic,  and  other  organic  acids,  together  with  albumen,  sugar, 
mucilage,  and  extractive  matters.  The  mineral  matter  is  very  small,  and 
contains  54  per  cent,  of  its  weight  of  potash  and  15  per  cent,  of  phosphoric 
acid. 

The  juice  is  expressed  in  England,  and  also  in  Sicily,  where  the  method 
of  preparation  is  to  mix  one  ounce  of  brandy  with  ten  ounces  of  the  juice, 
and  over  the  surface  of  the  liquid  to  pour  a  layer  of  olive  oil.  This  crude 
process  of  preservation  is  effectual,  but  is  now  being  supplanted  by  more 
modern  methods. 

The  following  table  shows  the  specific  gravity,  free  acid,  and  combined 
organic  acid  of  the  citric  commercial  juices,  the  acid  being  expressed  in 
terms  of  crystallised  citric  acid  [j4Z/en] : — 


Specific  Gravity. 

Free  Acid. 
Ozs.  per  gallon. 

Combined 
Organic  Acid. 
Ozs.  per  gallon. 

Lemon  Juice — 
Raw  Sicilian,  . 

,,   English,  . 
Concentrated, . 

Bergamot  Juice- 
Concentrated,  . 

Lime  Juice — 

Raw,  .... 
Concentrated, . 

1-04  to  1*05 
1-20  to  1-25 

1*22  to  1*26 

1-085  to  1-040 
1-28  to  1-38 

6    to  9 
11    to  13 
57    to  72 

47    to  55 

10-6  to  13-5 
-  82    to  112 

0-85 
0-8 

6  to  8 

7  to  8 

0-4  to  07 
8-6 

A.  Borntrager  gives  the  following  as  the  percentage  composition  of 


lemon  juice: — 

Ripe  Fruit.  Unripe  Fruit. 

Citric  acid,      ....  7*25  7  70 

Reducing  sugar,      ...        '75  '21 

Sucrose,  -19  78 

Ash,  -39  -49 

Total  solids,     ....  8*87  9#30 


§  339.  Adulterations  and  Analysis  of  Citric  Juices. — Lime  juice  has  been 
rather  extensively  adulterated,  and  at  the  present  time  it  is  by  no  means 
uncommon  to  meet  with  a  wholly  fictitious  article  under  this  name. 

The  chief  adulterants  of  citric  juices  are  : — Tartaric  acid,  mineral  acids, 
glucose,  cane  and  invert  sugar,  coal  tar  dyes,  and  preservatives.  Tartaric 
acid  may  be  estimated  as  follows1 : — 20  grammes  of  the  juice  are  mixed 
with  5  grammes  of  KC1,  the  solution  neutralised  with  potassium  hydroxide, 

1  Select  Methods  0/ Food  Analysis,  1901,  p.  823.   Leffmann  and  Beam. 
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and  made  up  to  50  c.c.  with  water.  5  grammes  of  citric  acid  are  added, 
the  solution  well  stirred,  and  allowed  to  stand  all  night.  The  precipitated 
acid  potassium  tartrate  is  washed,  first,  with  a  saturated  solution  of  the 
same  substance,  then  twice  with  a  10  per  cent,  solution  of  potassium 
chloride,  and  titrated  hot  with  standard  alkali. 

Mineral  Acids. — The  general  principles  of  the  detection  of  these  acids 
in  a  free  state  are  entirely  the  same  as  in  vinegar,  and  the  remarks  with 
regard  to  the  alkalinity  of  vinegar-ash  when  genuine  apply  equally  to  the 
ash  from  the  citric  juices.  (See  p.  476.)  Good  juice  contains  insignificant 
traces  of  sulphates  and  chlorides,  so  that  the  mere  addition  of  silver  nitrate 
or  of  barium  chloride  will  at  once  show  whether  there  has  been  any 
tampering  with  the  liquid. 

Nitric  acid  may  be  detected  and  estimated  as  described  post  in  the 
sections  on  Water  Analysis. 

F.  Scribani 1  adds  to  the  suspected  lemon  juice  an  aqueous  solution  of 
ferrous  chloride,  strongly  acidified  with  hydrochloric  acid  and  free  from 
ferric  salt.  The  liquid  is  boiled  for  a  few  minutes,  and  then  a  little 
sulphocyanide  is  added.  If  nitric  acid  has  been  present,  it  will  have 
oxidised  the  ferrous  salt  into  a  ferric  salt,  and  a  deep  blood-red  colour  will 
be  produced  by  the  test. 

Glucose  and  sugars  generally  will  be  detected  and  estimated  by  the 
methods  already  described,  remembering  that  the  juices  naturally  contain  a 
small  quantity  of  sucrose  and  reducing  sugar. 

Coal  tar  dyes  and  preservatives  should  be  sought  for  by  the  ordinary 
methods. 

Poisonous  Metals. — The  analyst  should  never  neglect  to  look  for  these, 
paying  special  attention  to  the  examination  for  lead. 

§  340.  The  Analysis  of  Lime  Juice,  with  a  view  to  ascertain  its  strength, 
is  confined  to  the  determination  of  the  amount  of  citric  acid  and  citrates. 

The  amount  of  citric  acid  is  determined  frequently  for  technical 
puq)oses  by  the  aid  of  a  special  hydrometer,  called  'a  citrometer,'  but 
this  method  is  not  exact  enough  for  the  purposes  of  the  food-analyst. 
Nevertheless,  it  will  always  be  well  to  take  the  specific  gravity  of  the  juice 
by  a  specific  gravity  bottle,  or  by  any  other  reliable  method,  first  boiling 
off  any  alcohol  which  the  juice  may  contain,  and  making  it  up  to  the  same 
bulk  as  before  the  dealcoholisation. 

The  amount  of  free  acid  may  be  estimated  by  means  of  decinormal 
soda.  A  known  quantity  of  the  juice  is  taken  and  titrated  with  d.  n.  soda, 
using  phenol-phthalein  as  an  indicator.  About  10  c.c.  of  the  ordinary  raw 
juice  maybe  taken  and  diluted  to  50  c.c. ;  but  the  concentrated  juice  must 
be  much  diluted  before  titration. 

The  free  acid  known,  the  next  step  is  to  determine  the  amount  of 
citrates  and  other  organic  acids  combined  with  bases.  For  this  purpose, 
the  measured  quantity  of  the  juice  which  has  already  been  neutralised  by 
soda  is  evaporated  down,  charred,  and  the  charred  mass  treated  with  a 
known  volume  of  decinormal  sulphuric  acid,  which  must  be  sufficient  to 
more  than  neutralise  the  carbonates. 

The  acid  solution  is  filtered  and  neutralised  by  d.  n.  soda;  this  will 
give  the  necessary  data  from  which  to  calculate  the  amount  of  sulphurio 
acid  used  by  the  carbonates  produced  by  the  action  of  heat  on  the  organic 
acids.    This  amount  is  equivalent  to  the  total  amount  of  organic  acid ;  if 


1  Oaz.  Chim.  Ital.,  viii.,  294. 
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expressed  as  citric  acid,  forty-nine  parts  of  sulphuric  are  equal  to  seventy 
of  2H8C6H507H20. 

The  amount  of  free  acid  already  obtained  is  now  subtracted  from  the 
total  acid,  the  difference  being  that  which  is  combined  with  bases. 

To  ascertain  the  amount  of  real  citric  acid  present  in  the  juice,  it  must 
be  determined  as  citrate  of  lime,  for  it  need  hardly  be  said  that  the  process 
given  above  does  not  distinguish  between  malates,  meconates,  or  any  other 
organic  acids  converted  by  heat  into  carbonates.  To  determine  the  real 
citric  acid,  Warington1  recommends  the  following  process :  from  15  to  20 
c.c.  of  raw  lime  juice  are  exactly  neutralised  by  d.  n.  soda,  the  whole  made 
up  to  about  50  c.c,  and  heated  to  boiling. 

While  boiling,  so  much  of  a  solution  of  chloride  of  calcium  is  added  as 
is  known  to  be  rather  more  than  equivalent  to  the  total  amount  of  organic 
acids  present.  The  boiling  must  be  continued  for  half  an  hour,  and  the 
precipitate  collected  and  washed  with  hot  water.  The  filtrate  and  washings 
are  evaporated  to  a  small  bulk  (not  more  than  15  c.c),  and  a  little  ammonia 
added  to  exact  neutralisation,  if  the  liquid  gives  an  acid  reaction ;  a  further 
precipitation  takes  place,  and  this  second  precipitate  must  be  collected  on 
a  filter.  The  filters  are  dried  and  burnt  up  at  a  low  heat,  and  their 
neutralising  power  with  regard  to  acid  is  determined.  For  this  purpose, 
the  ash  may  be  dissolved  in  standard  hydrochloric  acid,  and  titrated  back  ; 
each  c.c  of  normal  HC1  neutralised  is  equivalent  to  *070  grm.  of  crystallised 
citric  acid.  If  either  oxalic  or  tartaric  acids  should  be  present,  the  results 
are,  of  course,  inaccurate. 

1  J  (mm.  Chevu  Sec,  1875,  934. 
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MUSTARD. 


§  341.  Mustard  is  made  from  the  seeds,  finely  ground,  of  the  Sinapis 
nigra,  or  black  mustard,  or  from  those  of  the  Sinapis  alba,  or  white  mustard, 
or,  again,  from  a  mixture  of  both  varieties.  The  manufacturer  reduces  the 
seeds  to  powder,  and  passes  the  product  through  a  series  of  sieves.  The 
portion  in  the  first  sieve  is  called  the  dressings ;  that  which  passes  through 
is  an  impure  mustard  flour.  The  impure  flour,  on  being  passed  through  a 
second  sieve,  yields  the  pure  flour  of  mustard 
and  a  second  quantity  of  dressings.  The  dress- 
ings are  utilised,  by  being  submitted  to  pressure, 
for  the  sake  of  the  fixed  oil  they  contain. 

Microscopical  Structure  of  the  Seed.  —  The 
white  mustard  seed  is  made  up  of  the  husk  and 
the  seed  proper.  The  seed  proper  is  simple  in 
structure,  consisting  entirely  of  minute  oil-bearing 
cells  ;  their  size  averages  * 000 41  inch  in  the  finely 
powdered  seed;  and  they  look  extremely  like 
starch  corpuscles,  but  neither  polarise  light  nor 
strike  a  blue  colour  with  iodine. 

The  complicated  structure  of  the  husk  of  the 
mustard  seed,  in  part  unravelled  by  Hassall,  has 
more  recently  been  fully  investigated  by  the 
labours  of  Semplowskis  and  v.  Hohnels.1  It  is 
built  up  of  no  less  than  six  layers  (see  fig.  67). 

(1.)  The  most  superficial  is  composed  of  almost 
quadratic  thin-walled  cells  ('05-1  micro-milli- 
metre in  diameter)  covered  with  a  thin  cuticle. 
The  lumen  is  narrow,  and  the  cells  are  almost 
entirely  filled  with  a  gelatinous  substance.  On 
the  addition  of  water  the  cells  swell  up  to  several 
times  their  original  volume,  and  the  gelatinous 
substance  escapes  from  some  of  the  ruptured 
eells.  If  looked  at  from  the  surface  these  cells  are  hexagonal  (see  fig.  68), 
and  the  central  lumen  or  cavity  is  seen  surrounded  by  ring-like  layers  of 
the  mucilage. 

(2.)  The  second  layer  is  formed  of  large,  roundish,  polygonal  cells 
with  thickened  walls ;  their  form  is  not  so  well  seen  on  section  as  on  the 
surface.    The  cells  present  differences  in  different  species  of  mustard,  the 
1  Moeller's  Mikroskqpie,  p.  261. 


Fio.  67.— Section  through 
the  coats  of  the  seed  of 
Sinapis  alba.  —  sk,  The 
outer  akin,  filled  with 
swollen  mucus ;  p,  the 
polygonal  cells  in  section, 
their  form  better  seen  in 
fig.  68  ;  I*,  the  layer  of 
wine-glass  shaped  cells;  t,  a 
thin -walled  parenchyma  ; 
g,  a  layer  of  gluten-like 
cells;  i,  the  inner  seed  coat- 
ing. Potash  preparation 
x  160  (after  Moelleb.  ) 


486 


FOODS  :  THEIR  COMPOSITION  AND  ANALYSIS.     [§  342. 


white  mustard  has  cells  with  two  distinct  layers,  and  with  intercellular 
6 paces ;  the  black  mustard  has  larger  cells,  with  only  a  single  homogeneous 
cell-wall,  while  the  Russian  mustard  has  likewise  cells  single-walled,  but 
irregularly  polyhedral  in  outline. 

(3.)  The  third  layer  can  only  be  seen  properly  in  section ;  it  consists  of 
cells  which  have  been  likened  to  wine-glasses,  though  their  outline  rather 
suggests  to  the  authors  the  soles  of  narrow-heeled  shoes  (see  fig.  67).  A 
striking  peculiarity  of  these  cells  is  that  they  vary  in  length  or  height ; 
the  surface  of  the  seed  is  mapped  out  into  small  pits ;  in  the  middle  of 
each  of  these  small  pits  the  cells  are  lowest,  at  the  borders  highest.  The 
cells  are  colourless  in  SiiiapU  alba,  but  red-brown  in  Sinapis  nigra. 

(4.)  The  fourth  layer  is  a  thin-wailed  parenchyma  filled  with  pigment  in 
black  and  Russian  mustard,  but  colourless  in  white  mustard. 

(5.)  The  fifth  layer  belongs  morphologically  rather  to  the  substance  of 
the  seed  than  the  husk.  It  is  a  thick-walled,  single  layer  of  polyhedral 
cells,  containing  a  granulated  substance.  i^  j 

(6.)  The  sixth  layer  is  composed  of  an  irregular  parenchyma  of  trans- 


Fig.  68.— A  superficial  view  of  elements  delineated  in  section  in  fig.  67  ;  the  same 
lettering  has  been  followed— e,  embryonal  tissue.  Potash  preparation  x  160  (after 
Mokller). 

parent^  colourless  cells  (see  fig.  68),  well  seen  from  the  surface,  but 
indistinct  on  section  (see  fig.  67). 

As  a  rule,  none  of  the  husk  is  found  in  commercial  ground  mustard,  the 
main  bulk  being  made  up  of  the  substance  of  the  seed. 

§  842.  The  accompanying  tables  (LV.,  LVI.)  give  some  careful  analyses 
by  C.  H.  Piesse  and  Lionel  Stansell 1  of  black  and  white  mustard : — 

%  848.  The  Chemistry  of  Muttard  is  extremely  interesting ;  both  seeds, 
*  and  black,  contain  a  fixed  oil  (from  about  36  per  cent.),  and  a 
"Wanate  of  sinapin  and  myrosin.    Black  mustard  seeds  contain,  in 
to  the  foregoing,  myronate  of  potash  (about  '5  to  -6  per  cent.). 
16  powdered  black  mustard  seeds  (or  the  mixed  black  and  white) 
ttaed  with  water,  the  myrouate  of  potash  acts  upon  the  myrosin, 
lima  the  volatile  oil  of  mustard.    White  mustard  seeds,  on  the 
jAnd,  contain  also  a  sulphur  principle,  8inalbi?i,  not  found  in 

Opfttt,  C^HmNOc. — Sinapin  exists  as  a  sulphocyanate,  both  in  black 
,*iite  mustard  seeds,  as  well  as  in  the  seeds  of  Turritis  glabra,  L.  It 

1  Auofyst,  lftttK 
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was  first  prepared  by  Henry  and  Garot  in  1825.  The  best  process  for 
extraction  of  the  sulphooyanate  on  a  small  scale  is  (according  to  Von  Babo) 
to  exhaust  the  oil  from  the  seeds  by  ether,  then  to  treat  with  cold 
absolute  alcohol,  which  only  takes  up  a  little  of  the  sulphur  compound,  and 
lastly,  to  dissolve  the  sulphooyanate  of  sinapin  out  with  90  per  cent,  alcohol. 
The  excess  of  alcohol  is  then  separated  by  distillation,  and  the  substance 
crystallises  out,  yielding  about  1*1  per  cent. 

Sinapin  itself  cannot  be  obtained  pure,  but  a  watery  solution  may 
readily  be  prepared  by  decomposing  a  solution  of  the  bisulphate  with  the 


TABLE  LV. 


White  Mustabd. 

Brown  Mustard. 

Mustard, 
whole  seeds. 

Mustard  farina. 

Muitard, 
whole 
seeds. 

Mustard  farina. 

ridge 

a 

! 

ridge. 

1 

1 

•6 

if 

Camb 

I 

1 

Camb 

1 

i 

Moisture,  . 

9*32 

8*00 

6-80 

5-78 

6*06 

8-52 

4*35 

4-52 

5-63 

F.t,   .      .  . 

25-56 

27-51 

37-18 

3574 

32*55 

25-54 

36*96 

88*02 

36  19 

Cellulose,  . 

10*52 

8-87 

3-90 

4-15 

9  34 

9*01 

8*09 

2-06 

3'26 

Sulphur,  . 
Nitrogen,  . 

0*99 

0*93 

1-33 

1-22 

1-26 

1-28 

1-50 

1-48 

1-80 

4-54 

4'49 

5*05 

4  89 

4*25 

4*38 

4-94 

5-01 

4*31 

Albuminoids, 

28-37 

28*06 

31-56 

30*56 

26*56 

26-50 

29*81 

30*25 

26'06 

M  y  r  0  s  i  n  and  \ 
albumen,  J 

5-24 

4-58 

7*32 

6  67 

6-11 

5-214 

6-46 

678 

6*14 

Soluble  matter,  . 

27*88 

26*29 

36-31 

36-60 

33-90 

24*22 

31-14 

32-78 

81-41 

Volatile  oil, 

0-06 

0*08 

003 

0-04 

0-03 

•0473 

1-437 

1-500 

1-881 

Potassium   my-  ) 
ronate,  ( 
Ash,  . 

1-692 

5*141 

5*366 

4-940 

4-57 

470 

4*22 

4*31. 

4-30 

4*98 

5-04 

4-84 

4*91 

Ash  soluble, 

0*55 

0*75 

0-44 

0-55 

0  33 

1*11 

1-01 

0-98 

077 
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Potash,  . 

Soda, 

Lime, 

Magnesia, 

Iron  oxide, 

Sulphuric  acid, 

Chlorine, 

Phosphoric  acid, 

Silica,  . 

Sand,  . 

Charcoal, 


White  Seeds. 

Brown  Seeds. 

Yorkshire. 

Cambridge. 

Cambridge. 

21*29 

18*88 

21*41 

0*18 

0*21 

0-35 

13*46 

9*34 

13*57 

8*17 

10*49 

10*04 

1*18 

1*03 

1*06 

7*06 

7-16 

5*56 

011 

0-12 

0*15 

32*74 

35*00 

37*20 

1-00 

1-12 

1-41 

1  82 

1*95 

1*38 

12*82 

15*14 

7*57 

99*83 

100*44 

99*70 
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proper  quantity  of  baryta.  After  filtering  away  the  sulphate  of  baryta, 
the  filtrate  is  of  a  yellow  colour  and  intensely  alkaline  reaction ;  it 
precipitates  many  metals  from  their  solution,  but  on  evaporation  its  colour 
changes  through  green  and  red  into  brown,  and  at  last  it  leaves  behind  an 
uncrystallisable  brown  residue.  On  boiling  a  solution  of  sinapin  with  the 
alkalies  or  alkaline  earths,  the  sinapin  splits  up  into  choline  or  sinkalin  and 
sinapic  acid, 

C16H28N05  +  2H20  =  C5H15N02  +  CnH1205, 

and  similar  treatment  of  the  sulphocyanate  of  sinapin  produces  the  same 
decomposition.  To  sulphocyanate  of  sinapin  is  ascribed  the  formula 
C^H^NOgCNHS.  It  forms  colourless,  transparent,  truncated  prisms,  in 
warty  or  starlike  groups,  without  odour,  but  of  a  bitter  taste,  of  neutral 
reaction,  melting  at  130°  C.  to  a  yellow  fluid,  solidifyiug  again  in  an 
amorphous  mass.  The  sulphocyanate  is  readily  soluble  in  water;  but 
ether,  turpentine,  and  bisulphide  of  carbon  do  not  dissolve  it.  If  to  a  hot 
solution  in  alcohol  concentrated  sulphuric  acid  be  added,  bisulphate  of 
sinapin,  ClflH23N06,SH204  +  20H2,  separates  on  cooling  in  rectangular  plates. 
From  this  salt  the  neutral  sulphate  may  be  obtained  by  solution  in  water, 
and  precipitating  half  the  sulphuric  acid  by  baryta. 

Sinalbin,  Cgo-B^N^O^,  a  substance  which  exists  only  in  white 
mustard,  and  may  be  supposed  to  take  the  place  of  myronate  of  potash. 
It  splits  up  into  sugar,  bisulphate  of  sinapin,  and  sulphocyanide  of  acrinyl, 
C8H7NSO.  The  last,  on  treatment  with  alkalies,  yields  ammonia  and  the 
salt  of  an  acid  melting  at  136°  C,  to  which  the  formula  C8H803  is 
ascribed. 

Myrosin,  a  substance  analogous  to  emulsin,  has  not  yet  been  obtained 
albumen-  or  lime-free ;  its  solution  froths  on  being  shaken ;  it  is  coagulated 
by  warming  to  60°  C,  as  well  as  by  acids  and  alcohol. 

Myronate  of  Potash,  C10H18KNS2O10,  crystallises  out  of  spirit,  in 
needles;  out  of  water,  in  rhombic  prisms.  It  is  destitute  of  water  of 
crystallisation,  is  of  neutral  reaction,  and  has  no  odour,  but  is  of  a  bitter 
taste.  It  is  easily  soluble  in  water,  with  difficulty  in  diluted  spirit,  and 
scarcely  at  all  in  absolute  alcohol,  whilst  it  is  quite  insoluble  in  ether, 
chloroform,  and  benzole.  If  the  concentrated  aqueous  solution  of  the  salt 
be  digested  with  tartaric  acid  and  absolute  alcohol,  the  tartrate  of  potash 
separated,  and  the  filtered  fluid  evaporated  with  carbonate  of  baryta,  the 
filtrate  from  the  latter  will  yield  easily  soluble  crystals  of  myronate  of 
baryta  (C10H18BaNS2O10),  which  soon  become  opaque  on  exposure  to  the 
air ;  if  heated,  it  develops  ethereal  oil  of  mustard,  leaving  behind  sulphate 
of  baryta.  A  solution  of  myronate  of  potash  gives  with  zinc  and  hydro- 
chloric acid  sulphuretted  hydrogen,  and  then  contains  a  salt  of  ammonia, 
sugar,  and  half,  of  the  sulphur  as  sulphuric  acid.  Boiling  hydrochloric 
acid  decomposes  similarly.  Concentrated  potash-lye  digested  on  the  dry 
salt,  and  heated,  develops  volatile  oil  of  mustard,  cyanide  of  allyl,  and 
ammonia.  If  to  a  watery  solution  of  myronate  of  potash,  myrosin  is  added, 
volatile  oil  of  mustard,  sugar,  and  bisulphate  of  potash  are  formed ;  thus, 

C10H18K.NS2O10  =  C4H6NS  +  C6H1206  +  SHK04I 

the  same  reaction  takes  place  if  the  freshly-prepared  watery  extract  of  the 
white  or  black  mustard  seeds  be  added.1 

i  In  the  analysis  of  mustard,  A.  R.  Leeds  and  E.  Everhart  {Bied.  Centr.t  1884,  140) 
have  proposed  to  dissolve  out  pot&aamm  mycomU  Vj  tac&ta&ftut  mth.  aqueous  alcohol, 
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§  344.  The  Fixed  Oil  of  both  Black  and  Wliite  Mustard  appears  to  be 
vlentical. — It  is  a  yellow,  non-drying  oil  of  0*915  to  0*920  specific  gravity 
at  15°  C,  solidifying  at  from  -  12°  C.  to  - 16°  C,  saponification  value 
170  to  175,  iodine  value  92  to  106,  and  of  a  mild  taste.  It  contains  the 
glycerides  of  erucic  acid,  of  stearic  acid,  and  of  oleic  acid,  which  last  Darby 
considers  different  from  ordinary  oleic  acid. 

Erucic  Add,  C22H4202,  was  discovered  by  Darby  in  the  fatty  oil  of  the 
seeds  of  the  white  and  black  mustard  in  1849,  and  the  same  acid  has  also 
been  found  in  rape  oil.  It  is  easily  obtained  by  saponifying  the  oil  with 
litharge,  treating  the  soap  with  ether,  which  dissolves  out  the  erucate  of 
lead,  and  decomposing  the  salt  with  hydrochloric  acid.  The  erucic  acid  in 
solution  is  filtered  from  the  chloride  of  lead,  the  filtrate  evaporated  in  the 
water-bath,  and  the  residue  recrystallised  from  ether.  Erucic  acid  forms 
slender,  long,  white,  glittering  needles,  without  odour  or  taste,  melting  at 
from  33°  to  34°  C,  and  coagulating  again  at  33°  C. ;  it  is  insoluble  in 
water,  but  dissolves  easily  in  alcohol  and  ether.  The  acid,  exposed  to  the 
air,  gradually  becomes  coloured  and  rancid.  If  to  water  saturated  with 
erucic  acid  bromine  be  added  gradually,  a  crystalline  compound  can  be 
obtained,  C^H^B^O*,  which  crystallises  out  of  alcohol  in  small,  white, 
warty  masses,  melting  at  42°  to  43°  C.  Again,  if  the  solution  be  decom- 
posed with  hydrochloric  acid  and  sodium  amalgam,  it  can  again  be  changed 
back  to  erucic  acid.  Erucic  acid  forms  definite  salts,  of  the  formula 
HC22H4102. 

The  Volatile  Oil  of  Mustard,  C4H5NS,  is  mixed  with  cyanide  of  allyl, 
which  may  be  separated  by  fractional  distillation.1  Ordinary  distillation 
of  black  mustard  seeds  yields  it  in  the  proportion  of  0*5  to  0*7  per  cent. 
It  is  colourless  or  slightly  yellow;  has  a  boiling  point  of  148°  C,  and 
specific  gravity  1*015  to  1  025;  is  somewhat  soluble  in  water,  dissolving 
easily  in  alcohol,  ether,  and  petroleum  ether.  According  to  Hager  (Pharm. 
Centralb.,  x.,  65),  the  commercial  oil  is  much  adulterated ;  he  enumerates 
as  fraudulent  additions,  alcohol,  bisulphide  of  carbon,  oil  of  gilliflowers, 
and  castor-oil.  The  volatile  oil  of  mustard  prevents  the  coagulation  of 
serum-albumen,  as  well  as  alcoholic  fermentation.  According  to  Mitscherlich, 
this  is  the  most  deadly  of  all  the  ethereal  oils,  4  grnis.  killing  a  kitten  in 
two  hours,  15  grms.  in  a  quarter  of  an  hour.  The  post-mortem  appear- 
ances were  those  of  acute  gastroenteritis,  and  the  smell  of  the  oil  pervaded 
the  blood,  urine,  and  lungs.  It  has  been  used  in  medicine,  chiefly 
externally,  for  its  powerful  rubefacient  properties,  blistering  the  skin  when 
applied  to  it. 

§  345.  Adulteration*. — The  adulteration  most  commonly  met  with  is  a 
dilution  of  ground  mustard  with  wheat  flour,  and  coloured  by  either 
turmeric  or  Martin's  yellow  dinitro-naphthol.  Other  substances  usually 
enumerated  as  having  been  fraudulently  mixed  with  mustard  are— cayenne 

after  the  oil  has  been  removed  by  dry  ether.  The  solution  is  evaporated,  dried  at  105°, 
weighed,  and  ignited,  and  the  myronate  is  calculated  from  the  potassium  sulphate  of  the 
ash.  Myrosin  and  cellulose  are  not  dissolved  by  dilute  alcohol ;  these  are  then  treated 
with  a  half  per  cent,  soda  solution  ;  the  undissolved  cellulose  is  weighed  and  ignited, 
whilst  the  solution  of  myrosin  is  neutralised  and  precipitated  by  Ritthauson's  solution 
of  copper  sulphate. 

1  V.  Dircks  (Landw.  Versuchs-Stat.)  estimates  the  volatile  oil  as  follows: — The 
powdered  substance  is  mixed  with  ten  times  its  weight  of  water,  and  allowed  to  stand 
for  nine  hours  at  50°  C.  ;  it  is  then  distilled  into  alkaline  permanganate,  and  thus  the 
sulphur  is  oxidised  into  sulphate.  This  sulphate  is  precipitated  in  the  usual  way  by 
baric  chloride. 
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pepper,  ginger,  gamboge,  potato  starch,  pea  flour,  radish  and  rape  seed, 
linseed  meal,  yellow  ochre,  chromate  of  potash,  plaster  of  Paris,  and  clav, 
besides  the  ground  seeds  of  the  Sinapis  arvensis. 

A  careful  microscopical  examination  by  both  ordinary  and  polarised 
light  will  detect  most  organic  adulterations.  If  on  the  addition  of  iodine 
to  an  infusion  of  the  mustard  in  hot  water,  no  blue  colour  is  produced,  it 
is  certain  that  neither  wheat  nor  any  other  starch  is  present. 

The  chemical  examination  of  mustard,  for  the  purposes  of  the  food- 
analyst,  mainly  resolves  itself  into — 

1.  Testing  for  turmeric,  naphthalene  yellow,  and  other  coal  tar  dyes. 

2.  Estimation  of  the  total  sulphur. 

3.  Estimation  of  the  fat  or  oil. 

4.  Estimation  of  the  ash. 

5.  Testing  for  gamboge. 

1.  Testing  for  Turmeric  and  Naphthalene  Yellow. — The  detection  of 
turmeric  by  its  microscopical  appearance  is  usually  satisfactory ;  there  are, 
however,  some  good  chemical  tests. 

A.  Extract  the  mustard  with  two  or  three  times  its  volume  of  methylic 
alcohol,  filter,  and  evaporate  to  dryness.  If  turmeric  be  present,  the 
addition  of  hydrochloric  acid  to  the  extract  will  produce  a  red-orange 
colour,  turned  by  excess  of  an  alkali  to  green  and  blue;  or  the  extract 
may  be  dissolved  in  the  least  possible  quantity  of  methyl  alcohol,  and 
evaporated  to  dryness  in  a  porcelain  capsule,  in  which  there  has  been 
placed  a  small  piece  of  filter-paper.  When  the  evaporation  is  complete, 
the  paper  is  moistened  with  a  strong  solution  of  boric  acid,  and  then  dried  ; 
if  turmeric  be  present  the  paper  will  take  a  reddish  colour ;  if  it  be  then 
treated  by  an  alkali,  there  is  a  play  of  colours,  among  which  green  and 
purple  predominate. 

B.  Advantage  may  be  taken  of  the  fact  that  the  colouring-matter  of 
turmeric  is  strongly  fluorescent ;  that  of  mustard,  on  the  other  hand,  is 
devoid  of  fluorescence.  The  simplest  method  to  detect  the  fluorescence  of 
the  yellow  colouring-matter  of  turmeric,  when  mixed  with  mustard,  is  to 
pass  a  little  castor-oil  through  the  suspected  sample  on  a  filter ;  the  oil,  if 
turmeric  be  present,  shows  a  very  distinct  green  colour ;  this  is  a  test  of 
considerable  delicacy.  Or  an  alcoholic  solution  may  be  placed  in  a  test- 
tube,  and  held  vertically  in  water  contained  in  a  glass  blackened  internally  ; 
if  the  observer  now  slightly  incline  the  top  from  the  window,  and  look 
from  above  outside  the  test-tube,  the  green  fluorescence,  if  present,  will  be 
readily  observed. 

Naphthalene  Yellow  or  Dinitro-Naphfliol,  C10H0(NO2)oO,  has  been 
detected  in  mustard  by  E.  Waller  and  E.  W.  Martin  (Analyst,  1884).  The 
colouring-matter  is  readily  extracted  by  alcohol  of  95  per  cent,  and  dyes 
wool  a  bright  yellow — its  tinctorial  power  is  very  great. 

2.  Estimation  of  the  Total  Sulphur. — Most  of  the  adulterants  of 
mustards  contain  no  sulphur,  or  at  least  no  very  appreciable  amount,  in 
the  unoxidised  state.  Mustard,  on  the  other  hand,  in  common  with  a 
large  number  of  cruciferous  plants,  contains  sulphur-organic  compounds ; 
hence  a  great  deficiency  or  excess  of  sulphur  is  indicative  of  adulteration, 
a  normal  amount  no  conclusive  sign  of  purity.  The  percentage  of  sulphur 
should  be  between  1  and  1*6. 

The  total  sulphur  in  mustard  may  be  estimated  by  oxidation  with 
fuming  nitric  acid,  or,  more  conveniently*  by  alkaline  permanganate.  A 
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weighed  quantity  of  mustard  is  boiled  with  excess  of  alkaline  permanganate, 
and  the  resulting  sulphate  precipitated  by  barium  chloride.  The  volatile 
sulphur  compounds  may  be  distilled  by  a  current  of  steam  into  strong 
alkaline  permanganate,  and  a  similar  determination  of  sulphates  be  made. 
A.  Schicht 1  recommends  to  add  alcohol  to  the  permanganate  after  cooling, 
and  then  a  solution  of  iodine  in  potassium  iodide  until  a  feeble  yellow 
colour  remains.  V.  Genin  prefers  to  distil  and  oxidise  the  distillate  by 
bromine  water. 

3.  Estimation  of  tlie  Fat  or  Oil. — This  is  particularly  useful  when  wheat 
starch  is  the  adulterating  agent.  Wheat  flour  does  not  contain  more  than 
1*2  to  2*1  per  cent,  of  oil ;  mustard,  on  the  other  hand,  from  33*9  to  36*7 
per  cent.  A  weighed  portion  of  the  previously  dried  sample  may  be  placed 
in  the  little  apparatus  figured  at  p.  50.  As  a  rough  guide  the  following 
formulae  may  be  used :  — 

x  =  per  cent,  of  mustard  in  the  mixture,  y  =  per  cent,  of  oil  found. 

32-7*  +  120  <=  lOOy 
or 

347s  +  200  -  lOQy 

and  the  mean  values  of  the  two  equations  may  be  taken. 

4.  Estimation  of  the  Ash, — The  ash  is  taken  in  the  way  already 
described  (see  p.  93).  The  total  ash  of  dried  mustard  averages  5  per 
cent  The  highest  number  the  writers  have  obtained  is  5*3  per  cent.,  the 
lowest  5*088  per  cent.  Of  this  ash  from  '2  to  1  *25  is  soluble  in  water. 
It  hence  follows,  that  if  found  above  5*5  per  cent.,  mineral  matters  of 
foreign  origin  are  present ;  if  below  4  per  cent.,  it  is  an  indication  of  some 
organic  adulterant  The  American  Association  of  Official  Agricultural 
Chemists  take  4  to  7  per  cent,  as  the  limits  for  the  ash  of  ground  mustard 
seeds. 

5.  Gamhoge. — Gamboge  as  an  adulterant  of  mustard  is  somewhat 
apocryphal;  if  suspected  of  being  present,  an  alcoholic  extract  of  the 
mustard  must  be  prepared ;  such  an  extract  when  treated  with  caustic 
soda  becomes  of  a  bright  red  colour,  hydrochloric  acid  produces  a  yellow 
colour. 

Pepper. 

§  346.  Black  pepper  is  the  dried  immature  fruit  of  Piper  nigrum,  one 
of  the  Piperacex,  or  pepperworts. 

White  pepper  is  the  same  berry  decorticated,  or  deprived  of  its  outer 
and  black  husk  or  covering. 

The  pepperworts  are  a  well-defined  natural  order,  confined  to  the 
hottest  parts  of  the  world,  and  delighting  in  low  places,  valleys,  and  the 
banks  of  rivers.  Although  neither  the  number  of  its  genera  nor  of  its 
species  is  great,  yet  the  whole  order  is  remarkable  for  a  variety  of  active 
and  useful  plants — e.g.,  the  aromatic  black  and  long  peppers,  the  astringent 
matico,  the  intoxicating  Macropiper  methysticum,  the  different  varieties  of 
cubebs,  useful  in  the  treatment  of  inflamed  mucous  membranes,  and  several 
other  plants  possessing  medicinal  properties,2  belong  to  the  natural  order 
of  Piperacex. 

1  Zcit.  anal.  Chem.,  xxx.,  661-665. 

2  The  Artanthe  euealyptifolia  is  used  in  Brazil  in  oases  of  colic  ;  Piper  parthenium, 
used  in  menstrual  disturbances  ;  Chavica  betle  and  Siriboa  cause  salivation^  «A.<L4ftKxs»&fe 
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Black  pepper  itself  is  a  climbing  plant,  attaining  the  height  of  from  8 
to  12  feet;  the  berries-  or,  botanically  speaking,  4 drupes ' — are  at  first 
green,  then  red,  and  if  left  still  longer  ungathered,  turn  to  black;  but 
before  this  latter  change  takes  place  the  berries  are  gathered  by  hand  and 
dried  in  the  sun,  the  result  being  an  entire  change  of  appearance ;  instead 
of  a  red,  smooth  berry,  a  black  or  reddish-black  peppercorn,  with  the 
cortex  contracted  and  shrivelled  in  such  a  manner  as  to  form  a  veined 
network,  is  obtained.  The  plant  is  cultivated  in  various  portions  of  the 
equatorial  regions  of  the  earth,  the  zone  of  cultivation  being  confined  to 
the  isotherms  of  82°  F.  It  would  not,  however,  be  strictly  correct  to  say 
that  this  high  mean  annual  temperature  is  essential,  or  even  necessary ; 
for  the  fact  is,  that  it  is  produced  principally  in  the  cooler  valleys,  where 
the  mean  annual  temperature  does  not,  perhaps,  exceed  70°  Fahr. 

The  black  pepper  imported  into  this  country  principally  comes  from 
the  islands  of  Malacca,  Java,  Borneo,  and  Sumatra.  The  commercial 
varieties  are  at  least  live — viz.,  Malabar,  Penang,  Sumatra,  Trang,  and 
Tellicherry,  names  indicating  the  localities  whence  they  are  derived.  The 
differences  which  these  different  varieties  of  pepper  present  to  the  eye  are 
evident  enough  when  the  several  samples  are  at  hand  for  comparison ;  but 
it  takes  a  very  practised  observer  to  identify  a  solitary  sample;  and  if 
samples  of  each  of  the  kinds  named  were  mixed  together,  it  is  doubtful 
whether  an  adept  even  could  separate  the  berries  again,  identifying  each 
sort  with  any  correctness.  The  merchant,  indeed,  relies  more  upon  the 
weight  than  the  appearance ;  he  takes  a  handful  of  peppercorns,  and  by 
long  practice  can  tell  in  a  moment  whether  it  is  a  light  or  a  heavy  sample. 
Chevallier  has  determined  the  weight  of  what  is  technically  called  heavy, 
half-heavy,  and  light  pepper.  A  litre  of  the  first  weighed  530  grms. ;  of 
the  second,  512  grms. ;  of  the  third,  470  grms.  That  there  is  considerable 
difference  in  weight  in  the  different  berries  is  certain,  for  one  of  the  writers 
carefully  weighed  100  berries  of  each  kind,  with  the  following  result : — 

Grammes. 

100  peppercorns  of  Penang  weighed  .  .  .  6 '2496 
100         „  Malabar     „         ...  6*0536 

100         „  Sumatra    „         ...  5'1476 

100         „  Trang       ,,         ...       4  '5736 

100         „  Tellicherry,,         .      .      .  4*5076 

If,  then,  quality  is  to  be  judged  of  by  weight,  Penang  and  Malabar  may  be 
bracketed  together  as  standing  first,  Sumatra  holding  the  second  place, 
and  Trang  and  Tellicherry  bracketed  together  in  the  third.  The  general 
opinion  of  the  trade  is,  that  Malabar  is  really  the  heaviest,  and  possibly 
the  samples  of  Penaug  examined  were  unusually  fine.  The  whole  of  the 
ground  peppers  of  commerce  are  mixtures  of  different  kinds  of  pepper; 
there  is  no  such  thing  to  be  found  in  the  shops  as  a  pure  ground  Malabar 
or  a  pure  ground  Penang.  The  principal  varieties  mixed  for  household 
purposes  and  retailed  are  Malabar,  Penang,  and  Sumatra;  the  first  of 
these  is  the  dearest. 

The  usual  mixture,  according  to  Chevallier,  is — 

33  per  cent,  of  Malabar  to  give  weight, 

33       „        Penang  strength,  and 

33       „        Sumatra  colour. 


the  function  of  the  skin.  Besides  these,  Acrocarpidium  hispidulum,  Coceobryon  capense, 
ArlarUhe  adunea,  Chaviea  adunca  and  others,  possess  active  and  useful  properties. 


S  346.] 


PEPPER, 


493 


The  pepper  thus  mixed  is  either  ground  by  the  aid  of  large  mill  stones,  or 
in  an  apparatus  perfectly  analogous  to  a  coffee-mill.  The  latter  mode  is 
far  preferable  to  the  former,  as  the  friction  of  the  stones  develops  consider- 
able heat,  and  dissipates  some  of  the  aromatic  principles.  Pepper  thus 
damaged  by  the  heat  of  the  mechanical  operations  is  technically  known  as 
'  burnt.' 

Microscopical  Structure  of  Pepper, — The  black  pepper  berry  is  composed 
of  the  seed  enveloped  by  its  pericarp,  both  being  adherent.  The  micros- 
copical structure  will  be  readily  understood  on  reference  to  figs.  69  and  70. 
There  is  first  a  rather  thick  cuticle  (*005  mm.)  containing  a  single  layer  of 
small  square  cells,  filled  with  a  brownish  sub- 
stance ;  beneath  the  epidermis  is  seen  a  closely- 
packed,  yellow  layer  of  radially-arranged  cells, 
with  thickened  walls  of  about  05  mm.  in 
diameter.  The  cavity  of  each  cell  is  filled  up 
with  a  lump  of  resin ;  beneath  the  layer  of 
thick  cells  is  the  parenchyma  of  the  pericarp, 
consisting  of  two  sets  of  cells.  The  outer 
layer  is  composed  of  soft  tangentially-ex tended 
cells  containing  numerous  starch  granules, 
drops  of  oil  and  lumps  of  resin ;  it  is  the 
shrinking  of  this  soft  loose  layer  that  is  the 
chief  cause  of  the  wrinkling  of  the  berry ; 
among  these  cells  may  be  often  seen  bast 
fibres  and  spiral  vessels.  The  inner  layer  of 
the  parenchyma  is  large-celled,  the  cells  con- 
taining many  drops  of  ethereal  oil.  A  layer 
of  one  or  two  rows  of  thick- walled,  tangentially- 

arranged  cells  concludes  the  structures  belong-  Fl°-  69. -A  section  of  black 


pepper  x  160. — ept  Epidermis 
covered  wth  the  cuticle,  c  ; 
o,  the  outer  layer  of  hard 
cells ;  p,  thin-walled  paren- 
chyma, many  of  the  cells  hav- 
ing oily  contents  ;  ?',  the  inner 
layer  of  hard  cells,  showing  a 
peculiar  one-sided  thicken- 
ing ;  a,  b,  coatings  of  the  seed 
proper,  a  being  the  more  ex- 
ternal brown  layer,  and  b  the 
inner  colourless  layer  ;  E,  the 
endosperm,  containing  the 
starch  cells,  stt  and  here  and 
there  lumps  of  resin  as  atr. 


ing  to  the  pericarp  proper ;  the  rest  of  the 
berry  is  made  up  of  the  testa  and  albumen 
of  the  seed.  The  testa  consists  of  an  outer 
brown,  and  an  inner  transparent,  membrane ; 
the  outer  brown  consists  of  two  layers  of  cells 
exhibiting  no  very  definite  form  on  cross  sec- 
tion ;  but  when  the  seed  is  soaked  in  water 
and  thin  strips  torn  from  the  testa,  the  outer 
layer  is  then  seen  to  be  composed  of  regular, 
long,  five-sided  cells.  The  albumen  of  the 
seed  is  formed  of  angular  radially-arranged, 
large-celled  parenchyma ;  most  of  the  cells  are 
filled  with  extremely  small  starch  granules  (see 

page  144),  each  of  which,  when  examined  by  the  aid  of  a  high  power, 
shows  a  central  nucleus.  Here  and  there  may  be  seen  cells  containing  little 
masses  of  a  yellow  resin ;  such  yellow  masses  kept  under  glycerin  for  some 
time  develop  crystals. 

White  Pepper  is  the  ripe  fruit  of  the  same  plant;  the  berries  are 
soaked  in  water,  and  then  most  of  the  dark  pericarp  is  rubbed  off.  All 
the  structures  belonging  to  the  pericarp  are  not  detached,  the  skin 
separating  at  the  vascular  zone.  The  microscopic  structure  of  white 
pepper  is,  therefore,  the  same  as  that  of  black,  minus  the  portions 
removed. 

Pepper  contains  two  alkaloids,  piperin  and  piperidine,  a  volatile  oil, 
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and  an  acrid  resin,  besides  gum,  starch,  vegetable  albumen,  salts,  and 
other  substances. 

Oil  of  Pepper  has  a  specific  gravity  of  from  0*86  to  0*99,  and  a  boiling 
point  of  167°  to  170°  C.  It  is  a  clear  fluid,  possessing  a  mild  taste,  and 
corresponds  to  the  formula  C10H16.  Both  white  and  black  pepper  contain 
a  little  more  than  one  per  cent,  of  this  oil.1 

§  347.  Piperin— (C17H19N03) — was  discovered  by  Oerstedt  in  1819; 
it  is  found  in  white,  long,  and  black  pepper,  in  Chavica  officinarum,  in 
cubebs,  in  the  berries  of  Schinus  mollis,  and  in  the  bark  of  Liriodendrvti 
tulipifera.  The  quantity  of  piperin  in  peppers  varies  from  4  to  8  per 
cent.  When  pure,  piperin  crystallises  in  colourless,  brilliant,  four- sided 
prisms  ;  it  is  almost  tasteless,  and  presents  no  alkaline  reaction.  It  melts 
to  an  oily  mass  at  about  128°  C,  solidifying  in  a  resinous  form ;  is  soluble 
in  petroleum  ether,  alcohol,  ether,  the  volatile  oils,  benzole,  chloroform, 
and  creosote.    Concentrated  nitric  acid  changes  it  into  an  orange-red  resin  ; 


Fig.  70. — Ground  pepper  x  160. — The  lettering  is  the  same  as  in  the  previous  figure: 
/,  bast  fibres  ;  sp,  spiral  vessels  ;  8t,  the  individual  granules  of  starch  x  600. 

if  this  be  treated  with  a  solution  of  caustic  potash,  a  blood-red  colour  is 
produced,  and  on  boiling  piperidine  is  developed.  Heating  with  alcoholic 
potash  decomposes  piperin  into  piperidine  and  piperinate  of  potash, 
and  the  same  substance  is  quickly  developed  by  heating  with  soda 
lime. 

Piperidine,  C6H11N  (Hexa  hydro-pyridine),  is  a  liquid  boiling  at  106°  C. 
It  is  easily  soluble  in  water  and  in  alcohol.  According  to  W.  Johnstone  2 
the  amounts  in  black  pepper  range  from  0*39  to  0*77  per  cent.,  mean  value 
0*56  per  cent. ;  white  pepper  contains  smaller  quantities,  from  0*21  to  0*42 
per  cent. 

Piperic  Acid — C12H10O4 — is  obtained  by  boiling  piperin  with  alcoholic 
potash,  decomposing  the  piperate  of  potash  by  the  addition  of  HC1,  and 

1  Dumas,  Journ.  Chem.  Med.,  xi.,  308. 

2  Chcm.  Ntw*>  \vm4, 
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subsequent  purification  of  the  acid  by  crystallisation  from  alcohol.  Tbe 
acid  is  in  the  form  of  yellow  hair-like  needles,  some  of  which  may  be 
sublimed  undecomposed ;  they  dissolve  easily  in  boiling  alcohol,  but  are 
scarcely  soluble  in  water.    The  crystals  melt  at  217°  C. 

Bucheim  has  given  the  name  of  "Chavicin"  to  a 'substance  which  he 
separated  as  follows : — Black  pepper,  after  being  exhausted  of  all  matters 
soluble  either  in  alcohol  or  water,  was  treated  with  ether.  The  ethereal 
extract  was  shaken  up  with  potash ;  on  then  separating  and  distilling  the 
ether,  chavicin  is  left  behind,  of  the  consistence  of  thick  turpentine,  and 
possessing  a  biting  taste ;  it  has  not  yet  been  obtained  pure. 

§  348.  The  Ash  of  Pepper. — The  following  is  an  analysis  of  the  ash  of 
Tellicherry  pepper : — 


Potash, 

Soda, 

Magnesia, 

Lime, 

Iron, 


100  grma.  of  Ash. 
24-380 
3-226 
13-000 
11-600 
0-300 


Phosphoric  acid, 
Sulphuric  acid, 
Chlorine, 
Carbonic  acid, 
Sand, 


100  grma.  of  Ash. 

8-470 

9*613 

7  570 
.  14-000 

6-530 


The  total  ash  of  pure  black  pepper  should  not  exceed  7*0  per  cent., 
and  of  white  pepper  3  per  cent.  No  pepper  ash  should  contain  more  than  2 
per  cent,  of  Si02.  The  phosphoric  acid  averages  8*5  per  cent,  of  the  ash. 
Pepper  also  contains  small  quantities  of  carbonate ;  i.e.,  from  -5  to  1*5  per 
cent.  The  ash  itself  will  be  found  to  contain  from  30  to  60  per  cent,  of 
carbonates  of  the  alkaline  earths. 

Nitrates  and  Nitrites  in  Pepper. — Comparatively  few  observations  of 
the  amount  of  nitrates  and  nitrites  in  organic  substances  are  on  record  :  it 
is  a  subject  of  some  scientific  interest,  especially  since  it  has  been  observed 
that  nitrates  and  nitrites  are  decomposed  in  the  presence  of  free  oxalic 
acid.  "Whether  the  determination  of  nitric  acid  will  be  of  service  to  the 
food-analyst  or  not  is  unknown ;  it  certaiuly  may  be  so,  if  it  be  found  that 
a  substance  rich  in  nitrates  is  fraudulently  mixed  with  one  poor  in  nitrates. 


Calculated  as 
Nitric  Acid. 
Orm. 


100  grms.  undried  Penang  pepper  yield  0*04470 

„  ,,      Malabar  0*03858 

,,  ,,      Tellicherry        „  0*08860 

,,      Sumatra  „  0*06560 

Trang  „  0*11870 


§  349.  General  Composition  of  Pepper. — A  sample  of  Penang  pepper 
analysed  by  one  of  the  authors  gave  the  following  results: — 


Per  cent. 

Volatile  oil   1-04 

Acrid  resin,   1 77 

Piperin,   5*17 

Substances  soluble  in  water,  gum,  starch,  and 

other  matters,  subtracting  ash,           .       .      .  14*74 

Substances  insoluble  in  alcohol  and  water,      .  67*75 

Water   9-23 


The  following  table  exhibits  some  analyses  made  in  1876  of  genuine 
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black  peppers,  and  may  be  compared  with  similar  determinations  of  white 
and  long  peppers : — 


TABLE  LVII. — General  Composition  of  Commercial  Peppers. 


c 

u 

*  . 

pp 

2  v 

Ash  in 

Pepper 

II 

*§ 

Extr 
rdri 

dried  at  100*  C. 

II 

iperin  in 
dried  at 

a* 

queous 
n  Peppe 
at  IOC 

Soluble  in 
water. 

Total. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Penang,  . 

9  53 

5  57 

2-08 

18-33 

2*21 

4*18 

Tellicherry, 

12-90 

4*675 

1-70 

16-5 

3*38 

5-77 

Sumatra, 
Malabar,  . 

10-10 

4-702 

1-74 

17-59 

2*62 

4*31 

10-54 

4  632 

1-74 

20-37 

3-45 

5-19 

Trang,  . 

11*66 

4-600 

1-70 

18*17 

2-53 

4-77 

White  pepper,  com-  J 
mercial,  \ 

10-30 

j  5-600 

2-05 

0-56 

1-12 

Long  pepper,  . 

1  1*800 

0-80 

16-82 

4-47 

8-30 

§  350.  Analysis  of  Pepper. — The  analyses  (Table  LVIII.)  of  genuine 
peppers  and  pepper  adulterants,  by  A.  L.  Winton,  A.  W.  Ogben,  and 
W.  L.  Mitchell,  will  be  found  of  great  value.  The  ash  and  hygroscopic 
moisture  are  estimated  •  in  the  usual  manner.  The  piperin  and  resin 
are  the  most  important  to  determine. 

W.  Johnstone  recommends  the  conversion  of  piperin  into  piperidine. 
10  grms.  of  the  pepper  are  digested  at  100°  C.  in  a  closed  flask  with  25  c.c. 
of  water  and  25  c.c.  of  alcoholic  potash.  After  from  four  to  five  hours' 
digestion,  the  flask  is  cooled  and  the  contents  distilled  and  titrated  until 
the  distillate  is  no  longer  alkaline. 

Piperin  decomposes  into  piperidine,  C5HnN,  and  piperic  acid,  C12H10O4, 
which  unites  with  potash ;  hence  it  follows  that  every  molecule  of 
piperidine  found  is  equal  to  a  molecule  of  piperin — i.e.,  1  c.c.  of  d.  n.  acid 
used  by  the  distillate  indicates  0*0285  of  piperin. 

An  alcoholic  extract  of  pepper  practically  consists  of  resin  and  piperin, 
so  that  if  the  alcoholic  extract  be  determined,  and  then  the  piperin  by 
Johnstone's  method,  this  last  value  subtracted  from  the  total  weight  of 
extract,  minus  any  ash,  should  give  approximately  the  resin. 

Instead  of  the  above  methods  an  ether  extract  may  be  made  and 
evaporated  to  dryness ;  this,  according  to  A.  L.  Winton,  should  be  not  less 
than  6*5  per  cent.  Piperin  may  be  isolated  from  this  extract  by  dissolving 
the  resin  in  sodium  hydroxide,  then  treating  the  residue  with  alcohol, 
filtering  and  evaporating  to  dryness. 

It  has  been  proposed  by  Lenz  to  take  as  a  basis  for  calculation  of  the 
amount  of  any  adulterant  the  organic  matters  of  the  pepper.  This  is  of 
course  obtained  by  subtracting  the  hygroscopic  moisture  and  ash  from 
the  total  weight.  The  pepper-starch  is  then  converted  into  sugar,  and 
the  sugar  estimated ;  in  this  way  very  constant  results  are  obtained,  as 
shown  in  Lenz's  experiments1  and  also  in  some  determinations  on  the 
same  lines  by  Heisch.2 

1  Zeit.  anal.  Chcm.,  xxiii.,  501.  9  Analyst,  1886,  186. 
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Parte  of  N.  in  100 
parte  of  Non-volatile 
Ether  Extract. 

3-99 
3*89 

3-  83 
4*00 

4  42 
4  83 
4*30 

4-  28 

3-65 

2*91 
3*01 
2*94 
3*34 

I- 

In  Non-vola- 
tile Ether 
Extract. 

H    N    ^    OO           <N           O    *>-  OO^iOPI. 
0091    00    00           OOOO919I                  00       <p    ^  C* 

OOOO         OOOO  00000* 

!              «OiAAO»            00    rH    ©    rH                   O       <©    rH            CO  0» 
Total                            00     rH     p                     ©     rH     ©     ©                     rH        CO     £J     r-l  rH 

&*C*C4C4                                                   CN      0*  © 

Total  N.  less  N.  in 
Non-volatile  Ether 
Extract x 6*. 

12*71 
11*79 
10*98 
11*94 

11*08 
11*06 
10*69 
10*88 

11*25 

1419 
12*94 
12*31 
12*25 
3  06 

Crude  Fibre. 

11*04 
12*20 
1214 
15*78 

0*60 
4*10 
3*52 
3*80 

17*51 

82  15 
28*61 
28*2'.f 
5*76 
43*76 

Starch  by  Diastase 
method. 

88*51 
87*01 
35*50 
28*18 

63*16 
53*89 
56*18 
54*01 

25*08 

2*30 
15*80 
14*12 
39*55 

1*46 

Reducing  matters  by 
direct  inversion  cal- 
culated as  Starch. 

42*80 
41*67 
89*25 
32*99 

64*85 
56*71 
59*01 
5717 

29*01 

11*43 
21*69 
20*99 
42*88 
20*51 

1             Oi    O    (N                  99    O    «    O                  <©       O    rH    ©  t>. 

Alcohol  Extract.              <*o  oo  »  o        w  »  ^  t>-            o>              <o  oo  <n 

1  rH 

(                    I         w  ^  ©            -«x  o>        w                   :£        £r  r2  2£ 
Non-volatile.           ^  ?>  ®            ^  °°  ®  *>            <n     ©  ^  p  p  eo 
<o  oo  o>                  «©  «o             oo     co  -*«   ^  <o  © 

»S  - 

*a 

Volatile       1         p  oo  rH  co        wr*  p  p  r«                   p  ©  ©  p  © 

j               rH     ©     rH     rH             OOOO                     rH        O     rH     rH     rH  O 

1  i 

Insoluble  in            rn  p  oo  oo        ©  ©  i-h  r-i            ^.    n  oo  »  ^  o 

HCl.                         OOOO            OOOO                   rH               <N            O  © 

Soluble  In              T1  *^  T1  P             oo  co  p             co     9»  9»  p  9*  9* 
Water.       |         cn             co        oooo             n     co  n  n  h 

o>i-HO»t»        «o  co   t>.  ■»*             iapho        oo  ^ 

>jf           p    00           O    00           00                 9*      p    CO    (N    p  00 
iOtal.            j               ff)             i)     Ifl             ,H     rH     rH  OOrHOOlOrH 
\                                                                                                                                                        rH     rH  rH 

Moisture. 

12*00 
11*56 
11*40 
12*31 

12*89 
13*47 
13*63 
13*68 

10*95 

10*57 
10*52 
10*66 
9*47 
7*63 

Description. 

Black  pepper : 

Singapore,  .... 

Tellicheny,  . 

Laming, 

Acheen, 
White  pepper : 

Decorticated, 

Singapore,  . 

Siam,  

Penang,  .... 

Pepper  by-products  and  adulter- 
ants: 

Pinhead.      Siftings     from  \ 
Acheen,  j 

Pepper  shells  (hulls  only),  . 

Pepper  shells  (hulls  and  dust), 

Pepper  shells  (hulls  and  dust), 

Long  pepper, 

Buckwheat  hulls,  . 
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H.  ftabourdiu'8 1  method  has  for  its  principle  the  estimation  of  the 
residue  not  capable  of  transformation  into  sugar  and  soluble  matters  by 
boiling  with  acid.  A  grm.  of  the  sample  is  boiled  continuously  for  an 
hour  in  100  grms.  of  distilled  water  and  4  grins,  of  sulphuric  acid ;  the 
boiling  is  best  carried  out  in  a  flask  adapted  to  a  vertical  condenser.  The 
insoluble  matters  are  washed,  dried,  and  weighed  in  a  tared  filter. 
Rabourdin  found  that  ground  genuine  black  pepper  gave,  as  an  average, 
•35  per  cent,  insoluble  residue;  olive-stones,  *745  per  cent.  A  better 
method  is  to  use  the  American  method  of  estimating  crude  fibre: — 2 
grammes  of  the  ether  extracted  substance  are  boiled  for  thirty  minutes 
under  an  inverted  condenser  with  200  c.c.  of  1  *25  per  cent.  H2S04,  then 
filtered  and  washed.  The  undissolved  substance  is  then  boiled  for  thirty 
minutes  with  200  c.c.  of  1  "25  per  cent.  KOH,  filtered,  washed,  dried,  aud 
weighed,  burnt  to  an  ash  and  the  ash  deducted  from  the  weight  found. 
A  pure  black  pepper  should  not  contain  more  than  16  per  cent,  of  fibre, 
and  a  pure  white  pepper  not  more  than  8  per  cent. 

§  351.  Adulterations  of  Pepper. — Pepper  has  been  adulterated  for  at 
least  two  centuries  and  a  half;  for  Pierre  Pomet,2  writing  in  1614,  says  : 
"  As  the  greatest  part  of  pepper,  white  as  well  as  black,  is  sold  *  battu 1 
(that  is  to  say,  powdered),  it  should  only  be  bought  of  honest  merchants  ; 
because  all  the  pepper  the  retailers  sell  is  no  other  thing  for  the  white  than 
'  Spices  cFAuvergne  blanchSes,'  or  rather  black  pepper  whitened  with  ground 
rice  ;  the  black  is  only  the  dust  either  of  the  crust  of  bread,  grey  Auvergne 
spices,  or  manignette." 

The  list  of  the  adulterations  enumerated  by  authors  is  an  extraordinary 
one.  Linseed-meal,  rice,  pepper,  leaves,  mustard,  wheat  flour,  sago,  woody 
fibre,  chillies,  rape-seed,  potato,  spices,  capsicum,  manignette  (otherwise 
known  as  Guinea  pepper),  chicory,  rye,  powdered  leaves  of  the  laurel,  which 
had  been  previously  used  to  wrap  round  extract  of  liquorice,  the  stones 
from  olives,  bone-dust,  marine  salt,  and  various  mineral  adulterations,  are 
all  said  to  have  been  detected. 

However  various  may  be  the  adulterations  in  France  (where,  Chevallier 
tells  us,  in  Paris  alone  he  was  acquainted  with  a  manufactory  producing 
1200  to  1500  kilogrammes  annually  of  a  mixture  sold  solely  for  the  purpose 
of  adulterating  pepper),  the  only  common  adulterations  of  this  country  were 
until  lately  what  are  known  in  the  trade  as  P.D.,  H.P.D.,  and  W.P.D., 
abbreviations  for  pepper-dust,  hot  pepper-dust,  and  white  pepper-dust. 
The  first,  or  P.D.,  used  to  be  principally  composed  of  faded  leaves,  but 
linseed-meal  is  now  preferred ;  H.P.D.  is  chiefly  the  husks  of  mustard,  and 
W.P.D.  is  ground  rice. 

Maize  has  lately  been  used  in  England  to  adulterate  pepper.  Other 
starches,  nut  shells  and  bleached  pepper  hulls  will  all  be  detected  by  a 
careful  microscopical  examination.  Pepper  hulls  will  also  have  the 
effect  of  raising  the  ash,  decreasing  the  ether  extract  and  lowering  the 
ratio  of  calcium  carbonate  to  total  ash.  The  amount  of  fibre  is  also  con- 
siderably raised. 

Cayenne  pepper  is  said  to  be  added  to  pepper  to  restore  pungency. 
It  may  be  detected  by  heating  some  of  the  separated  red  particles,  when 
irritating  vapours  are  given  off. 

Long  pepper  may  be  detected  in  black  or  white  pepper  by  the  strong 
and  characteristic  odour  when  warmed.  The  ash  will  be  found  to  be  high 
and  the  ethereal  extract  low. 

J  Journal  de  Pharmacia  [5],  ix.  289-287.    2  Pomet:  "  Hist  Gen.  des  Drogues,"  1736. 
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Olive-Stones,  Poivrette  Pepperette. — Towards  the  end  of  1886,  consider- 
able consignments  of  pepper  came  into  English  commerce  adulterated  with 
poivrette  or  ground  olive-stones. 

The  olive-stone  has  an  extremely  hard  endocarp,  difficult  to  grind,  and 
by  boiling  in  dilute  sulphuric  acid  or  by  heating  with  potash,  the  particles 
become  of  a  reddish  colour,  and  may  thus  be  picked  out  of  mixtures. 
Microscopically,  ground  olive-stones  will  be  found  to  consist  mainly  of 
hard  prosenchymatous  cells ;  the  superficial  layers  are  fibrous,  and  are  in 
Company  with  numerous  vascular  bundles ;  the  more  numerous  cells  are 
short  cells  of  various  forms,  but  all  showing  frequently  pore-canals  (see 


Fig.  71. — Tissues  of  the  olive-stone,  x  160.—/,  Thickened  fibres  with  spiral  vessels  ;  ht 
hard  cells  from  the  middle  layer  of  the  stone  ;  i,  inner  layer  of  hard  cells,  resting 
on  the  endothelium,  eu  ;  *p,  spiral  vessels ;  ep,  epidermis,  through  which  may  be 
seen  a  brown  parenchyma ;  e,  embryonal  tissue ;  e,  soft  cells  from  the  olive  fruit 
occasionally  adhering  to  the  olive-stone  ;  C,  tissue  of  the  cotyledons. 

fig.  71).  These  structures  have  but  a  slight  similarity  to  the  analogous 
structures  of  the  pepper-berry. 

The  specific  gravity  of  pepper  is  about  1*173,  that  of  olive-stones  higher.  If 
glycerin  and  water  be  mixed  so  as  to  have  a  density  of  1*173  at  15°  C,  the  pepper 
either  floats  or  is  suspended,  the  olive-stones  sink.  In  this  way  small  percentages  of 
olive-stones  may  be  roughly  separated. 

Advantage  has  also  been  taken  of  the  different  effect  of  colouring-matters  on  pepper 
and  olive-stones.  Aniline  acetate  colours  olive-stones  yellow-brown,  pure  pepper 
remains  of  a  greyish-white.  Naphthylamine  gives  a  yellow  orange,  thalline  pure 
orange.  The  French  chemists  use  the  hydrochlorate  of  dimethylparaphenylenediamine.1 
The  pepper  is  put  in  a  porcelain  dish,  and  a  solution  of  the  above-named  salt  poured 
direct  on  the  powder  ;  a  little  water  is  added,  and  the  whole  stirred  ;  if  olive-stones  are 
present,  they  sink  to  the  bottom  and  are  stained  a  brilliant  red  colour. 

D.  Martilli  digests  for  two  or  three  days  1  grm.  of  phloroglucol  in  50  to  60  c.c.  of 
HC1,  specific  gravity  1  '1 ;  the  clear  solution  is  decanted.  To  about  half  a  gramme  of 
the  pepper,  enough  of  the  reagent  is  added  to  just  cover  it,  and  the  mixture  is  heated 
for  a  few  minutes.    Poivrette  and,  generally,  similar  substances  give  a  reddish -violet 


1  This  reagent  may  be  made  as  follows : — In  a  porcelain  dish  10  grms.  of  dimethyl- 
aniline  are  mixed  with  20  grms.  of  pure  hydrochloric  acid  ;  100  grms.  of  crushed  ice 
are  added,  and  little  by  little  100  c.c  of  a  7  per  cent  solution  of  sodic  nitrite.  At  the 
end  of  half  an  hour,  30  to  40  grms.  more  hydrochloric  acid  are  added,  and  20  grms.  of 
leaf  tin.  The  reduction  is  allowed  to  cool  for  an  hour,  then  the  tin  is  precipitated  by 
granulated  zinc.  The  liquid  is  filtered,  and  saturated  with  sodic  carbonate  until  it 
becomes  cloudy  ;  it  is  cleared  by  acetic  acid  ;  10  grms.  of  sodic  bisulphite  are  added  to 
prevent  oxidation,  and  it  is  diluted  to  2  litres. 
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frequent  drops  of  a  reddish-orange  oil  occur,  especially  in  the  parenchyma, 
which  is  formed  of  thin- walled,  rounded  cells.  The  envelope  of  the  grain 
itself,  when  cut  in  thin  vertical  sections,  presents  a  very  singular 
appearance,  that  of  radiating  dentiform  processes,  the  apex  of  each  being 
apparently  fixed  in  the  outer  membrane.  The  substance  of  the  seed 
proper  is  composed  of  small  angular  cells,  with  black  colourless  walls, 
filled  with  granules  and  a  yellow-orange  oil,  but  without  starch. 

Cayenne  pepper,  as  met  with  in  commerce,  is  in  the  form  of  a  some- 
what coarse,  brick-dust  like  powder,  the  least  particle  of  which,  if  heated 
strongly,  volatilises  a  very  acrid  vapour,  causing  intense  irritation  of  the 
throat.  This  sensation  can  be  produced  by  so  minute  a  portion  of 
cayenne,  that  any  foreign  substance  mixed  with  it  could  in  this  way  be 
detected ;  it  would  be  only  necessary  to  separate  carefully,  by  the  aid  of 
the  microscope  and  a  camel's-hair  brush,  all  particles  of  cayenne,  and 
heat  the  portion  suspected ;  if  no  acrid  vapours  were  given  off,  the 
substance  could  not  be  cayenne.  This  intense  acridity  appears  to  be  due 
to  a  body  discovered  by  Dr.  Thresh,  and  named  by  him  Capsaicin. 

§  353.  Cop*atcm—(C18H28N08),  specific  gravity  T060 — is  in  the  form 
of  minute  crystals,  which  melt  at  63-63°  *5  C,  volatilise  unchanged  at 
115°-6C.  (240°  F.),  and  at  120°  C.  (248°  F.)  become  brownish-black. 
The  fruit  yields  about  '03  per  cent.  Capsaicin  contains  a  methoxy  and 
a  hydroxy  group  and  has  the  properties  of  a  weak  phenol-like  acid.  It 
may  be  obtained  by  exhausting  cayenne  by  petroleum,  evaporating  the 
petroleum,  and  treating  the  extract  thus  obtained  by  dilute  solution  of 
potash ;  on  now  saturating  the  solution  with  carbonic  anhydride,  it  is 
precipitated  in  very  small  crystals.  It  dissolves  slightly  in  coldi,  and 
more  readily  in  boiling,  water;  is  easily  soluble  in  alcohol,  proof  spirit, 
ether,  amylic  alcohol,  acetic  ether,  acetic  acid,  benzine,  the  fixed  oils,  and 
solutions  of  the  alkalies.  It  dissolves  slowly  in  turpentine  and  carbonic 
disulphidc ;  when  pure,  petroleum  does  not  dissolve  it  readily,  but  the 
presence  of  the  red  oil  in  the  pepper  increases  its  solvent  powers ;  it  is 
totally  insoluble  in  solutions  of  the  carbonates  of  the  fixed  alkalies,  and  in 
ammonia.  Excess  of  platin  chloride  added  to  an  alcoholic  solution  of 
capsaicin  and  allowed  to  evaporate,  develops  the  odour  of  vanillin.  The 
crystals  moistened  with  strong  sulphuric  acid  and  a  little  sugar  added 
become  after  some  hours  a  fine  blue.1  Silver  nitrate  gives  a  precipitate 
with  alcoholic  solutions  of  capsaicin ;  it  also  yields  white  precipitates  with 
barium  and  calcium  chlorides.  It  is  powerfully  pungent,  causing,  if 
volatilised,  severe  fits  of  coughing. 

It  would  appear  that  capsaicin  is  not  contained  in  the  substance  of  the 
seed ;  for  if  the  pericarp  be  carefully  separated,  the  seeds  are  entirely 
devoid  of  acrid  taste. 

Dr.  Thresh  has  also  described  a  conium-like  alkaloid,  obtained  by 
exhausting  the  pericarp  with  benzine,  evaporating,  dissolving  in  ether, 
shaking  the  solution  with  dilute  sulphuric  acid,  partially  neutralising  with 
barium  carbonate,  and  evaporating  to  a  small  bulk.  Some  red  fat  now 
separates,  and  after  the  removal  of  this  (upon  adding  an  excess  of  alkali, 
shaking  with  ether,  and  evaporating)  a  brown  residue  is  obtained,  smelling 
like  conium,  and  giving  precipitates  with  Nessler  reagent,  iodine,  and 
iodides  of  potassium  and  cadmium. 

The  acrid  oil  Capsicol,  CapHcin,  and  other  substances  described  by 
Bucholz,  Braconnot,  Buchheim,  etc.,  are  undoubtedly  mixtures.  The 
1  Karl  Micko.    Zeit.  Unters.  Nahr.  Genussm.,  II.  411. 
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adulterant.  The  most  important  determinations  to  make  in  the  majority 
of  cases  are : — ash,  fibre,  starch,  volatile  oil,  fixed  ether  extract,  and  total 
nitrogen ;  certain  other  determinations  will  be  found  useful  in  the  case 
of  individual  spices.  The  careful  determinations  of  Messrs.  A.  L.  Winton, 
A.  W.  Ogben,  and  W.  L.  Mitchell  at  the  Connecticut  Experimental 
Station,  given  in  Table  LIX.,  will  be  found  of  great  assistance  to  the 
analyst. 

§  356.  Ginger  is  the  dried  rhizome  of  Zingiber  officinale.  It  is  sold 
both  with  and  without  the  outer  integument  and  also  in  the  form  of 
powder.  The  characteristics  of  ginger  starch  have  been  described  on 
page  142. 

As  well  as  admixture  with  such  substances  as  have  been  mentioned 
above,  ginger  is  very  often  mixed  with  exhausted  ginger ;  this  is  usually 
indicated  by  a  low  cold  water  extract,  and  low  soluble  ash  (see  Table  LIX.). 

§  357.  Allsjrice  or  Pimento  is  the  dried  unripe  fruit  of  Eugenia  pimento. 
For  analytical  figures  see  Table  LIX. 

§  358.  Nutmeg  and  Mace. — Nutmeg  is  the  dried  seed  of  Myristica 
fragrans  stripped  of  its  hard  shell.  This  hard  shell  or  arillus  constitutes 
the  mace  of  commerce.  Nutmeg  contains  from  3  to  5  per  cent,  of  a 
volatile  oil  having  a  specific  gravity  which  varies  from  *880  to  "95. 
It  boils  at  160°  C,  is  soluble  in  alcohol,  and  turns  a  ray  of  polarised 
light  to  the  right. 

Artificial  whole  nutmegs  are  sometimes  made  from  exhausted  or 
damaged  nutmeg  powder.  These  are  mixed  with  genuine  nutmegs. 
According  to  J.  Vanderplauten  1  they  may  be  detected  by  cutting  the  nut 
in  half,  when  all  vegetable  structure  will  be  noticed  to  be  absent.  Treated 
with  boiling  water  for  a  few  minutes  and  pressed,  they  fall  to  powder. 
The  ash  is  exceedingly  high,  i.e.,  from  11  to  18  per  cent.  F.  Rauwez 
gives  the  following  analysis  of  some  artificial  nuts,  which  may  be  compared 
with  the  analyses  of  nutmegs  in  Table  LIX. 

Per  cent. 


;                            Moisture,   11*09 

Ash,   11-34 

[                           Ash  insoluble  in  UC1,   3  *90 

(                            Ether  extract,   15*42 

;                            Essential  oil,   176 

;                           Cellulose  (?  crude  fibre),   8*24 


§  359.  Mace. — In  addition  to  the  ordinary  adulterants,  mace  is  often 
mixed  with  Bombay  mace,  a  variety  which  contains  only  a  small  proportion 
of  volatile  oil,  i.e.,  about  3  per  cent.  The  fixed  ether  extract  is,  however, 
higher  than  in  the  case  of  true  mace  (see  Table  LIX.).  The  volatile  oil  in 
'  true  mace  should,  according  to  Kiinig,  be  at  least  3  per  cent.  Wild  mace 
{Myristica  fatua)  is  sometimes  mixed  with  or  substituted  for  true  mace ; 
it  may  be  recognised  by  means  of  the  microscope  and  also  by  Hef el  man's 
test,  which  is  as  follows: — A  piece  of  filter  paper  is  saturated  with  an 
alcoholic  solution  of  the  mace ;  the  excess  of  liquid  is  removed  by  pressing 
between  more  filter  paper.  It  is  then  treated  with  a  drop  of  potash 
solution.    A  red  coloration  is  produced  in  the  presence  of  wild  mace. 

Cinnamon  and  Coma  (see  Table  LIX.). — True  cinnamon  or  Ceylon 
cinnamon  is  the  bark  of  Ctnnamomum  zeylanicum,  but  the  commercial 
substance  is  more  often  derived  from  cassia  barks  which  are  sold  as  true 

1  British  Food  Journal \  March  1900. 
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cinnamon.  They  are  said  to  contain  more  manganese  oxide  than 
cinnamon. 

§  360.  Cloves  are  the  dried  unexpanded  flower-buds  of  Caryophyllus 
aromaticus.  They  contain  about  16  per  cent,  of  a  volatile  oil.  This 
oil  has  a  sp.  gr.  of  from  1034  to  1*061 ;  it  is  colourless  when  freshly 
distilled  and  becomes  reddish  brown  with  keeping.  It  is  soluble  in 
alcohol,  in  ether,  and  in  acetic  acid.  In  addition  to  the  ordinary  spice 
adulterants,  cloves  are  often  mixed  with  stems  and  clove  fruit.  Clove  stems 
will  be  readily  detected  by  the  microscope. 


The  Sweet  and  Bitter  Almond. 

§  361.  The  sweet  almond,  the  seed  of  Amygdalus  communis,  and  the 
bitter  almond,  the  seed  of  Amygdalus  communis,  var.  amara,  enter  either 
in  whole  or  in  part  into  so  many  articles  of  food  (such  as  sweetmeats  and 
pastry,  and  as  a  flavouring  ingredient  into  certain  drinks),  that  it  is 
absolutely  necessary  to  be  acquainted  with  their  chemical  composition. 
Both  varieties  of  almond  agree  in  containing  about  50  per  cent,  of  a 
bland  fixed  oil  (consisting  chiefly  of  olein,  and  liable  to  become  rancid), 
as  well  as  an  albuminous  principle,  emulsin,  sugar,  gum,  and  woody  fibre ; 
but  only  in  the  bitter  almond  is  found,  in  addition  to  the  foregoing, 
amygdalin. 

§  362.  The  OH  of  Almonds  is  a  thin  fluid  oil,  of  a  clear  yellow  colour, 
specific  gravity  0'914  to  "920,  not  coagulated  by  a  cold  of  -  10°  C. ;  at 
-  1 6°  C.  it  becomes  cloudy,  and  at  -  22°  C.  it  solidifies  to  a  white  butter. 
Oil  of  almonds  appears  to  be  rather  frequently  adulterated  with  other  oils. 

2-5  parts  of  the  oil,  shaken  with  an  equal  bulk  of  nitric  acid  (specific 
gravity  1*20)  and  bisulphide  of  carbon,  should  not  show  any  colour  after 
standing  a  few  minutes ;  if  it  becomes  within  half  an  hour  yellow,  or 
reddish-yellow,  the  change  indicates  oil  from  cherry  or  apricot  kernels. 

The  following  test  will  detect  drying  oils : — Dissolve  one  part  of  starch 
in  3  parts  of  warm  nitric  acid,  of  1*20  specific  gravity,  and  warm  in  a 
capacious  vessel  over  the  water-bath  with  10  parts  of  almond  oil,  until  all 
evolution  of  gas  ceases.  The  oil  after  cooling  is  within  two  days  changed 
into  a  warty,  crystalline,  greasy  mass  of  elaidin.  Should  it,  however, 
contain  a  drying  oil  (poppy,  for  example),  it  either  remains  quite  fluid  or 
semi-fluid,  according  to  the  proportion  of  adulterant  present.  The  colour 
of  the  elaidin  is  also  a  guide ;  that  produced  by  the  sweet  almond  is  pure 
white,  by  the  bitter,  yellowish- white,  and  by  the  small  or  inferior  kinds  of 
almonds,  brownish-yellow ;  if  the  elaidin  should  be  red,  it  denotes  adultera- 
tion of  some  foreign  oil,  especially  of  sesame. 

Pure  almond  oil  dissolves  in  25  parts  of  cold  and  6  of  hot  alcohol. 
The  above  teste,  and  in  addition  the  low  temperature  required  for 
congelation,  should  detect  all  ordinary  adulterations. 

§  363.  Amygdalin  (C^H^NOn  +  3H20),  is  a  glucoside,  discovered  in 
1830  by  Robiquet  and  Boutron-Charlard.  It  may  be  extracted  from 
almond-cake  by  boiling  alcohol  of  95  per  cent.,  and  then  precipitated  from 
the  somewhat  concentrated  alcoholic  solution  by  ether.    Amygdalin 1 

1  Lehmann,  in  an  elaborate  research,  found  the  method  of  Liebig  and  Wohler  the 
best  for  obtaining  crystalline  amygdalin.  The  process  consists  in  boiling  the  substance 
with  strong  alcohol  (of  94  to  95  per  cent.)  twice  successively,  after  having  first  removed 
the  fixed  oil  by  petroleum  benzine,  concentrating  to  about  one-half  or  oue-«ix.tk  <&  ^ 
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crystallises  from  80  per  cent,  alcohol  in  colourless  glittering  scales,  contain- 
ing  two  molecules  of  water :  it  can  also  be  obtained  in  crystals.  Amorphous 
amygdalin  of  the  before-mentioned  cherry-laurel  leaves  and  buckthorn 
bark  is  best  obtained  by  the  following  method  : — The  dried  buckthorn  bark 
is  boiled  with  absolute  alcohol,  agitated  with  lead  oxide,  and  evaporated  to 
dryness.  Dried  in  a  vacuum  over  S04H2  it  forms  a  brittle,  yellow, 
transparent,  resin-like  mass,  which,  when  heated  to  100°  C,  becomes  dark- 
brown  ;  it  can  be  dissolved  by  boiling  alcohol  and  by  water,  but  is  insoluble 
in  ether.  Although  amorphous,  it  is  a  crystalloid  with  three  molecules  of 
water,  as  proved  by  dialysis  from  water  or  weak  spirit,  but  in  such  a  case 
it  loses  one  molecule  if  dried  over  sulphuric  acid.  At  100°  to  120°  C.  it 
may  be  obtained  anhydrous. 

Amygdalin  possesses  no  smell ;  it  has  a  slightly  bitter  taste ;  its  reaction 
is  neutral,  and  it  polarises  to  the  left  [a]D  =  -  35*57°.  It  dissolves  in  all 
proportions  in  boiling  water,  and  in  12  parts  of  cold  at  10*  C. ;  requires  148 
parts  of  alcohol,  specific  gravity  0-939,  904  parts  of  alcohol,  specific  gravity 
0*819,  if  cold— but  if  boiling,  11  parte  of  the  first  and  12  of  the  last;  it  is 
insoluble  in  ether.  It  melts  at  120'  C,  and  begins  to  carbonise  at  160°  C, 
when  it  develops  a  caramel  smell,  and  is  at  length  fully  destroyed. 

Amygdalin,  by  the  action  of  dilute  hydrochloric  acid,  splits  up  into 
glucose  and  mandelic  acid,  volatile  oil  of  almonds,  and  formic  acid.  If 
boiled  with  solutions  of  potash  or  baryta  it  forms  ammonia  and  amygdalic 
acid.  The  most  interesting  decomposition  is,  however,  that  which  takes 
place  by  the  action  of  emulsin ;  it  then  breaks  up  into  volatile  oil  of 
almonds,  hydrocyanic  acid,  and  formic  acid. 

Volatile  Oil,  or  Essence  of  Almonds,  does  not  exist  as  such  in  the 
bitter  almond ;  it  is,  as  above  explained,  the  result  of  the  decomposition  of 
the  amygdalin.  The  oil  of  almonds,  when  properly  purified  from  prussic 
acid,  is  identical  with  the  hydride  of  benzole,  C7H6OH.  It  is  colourless, 
thin,  turning  a  ray  of  polarised  light  to  the  right,  of  a  peculiar,  pleasant 
odour,  and  a  burning  aromatic  taste.  Its  specific  gravity  is  1*043  to  1*07, 
usually  106  (Hirsch).  Its  boiling  point  is  180°  C.  By  the  action  of  light 
and  air  it  is  gradually  oxidised  into  benzoic  acid.  It  is  soluble  in  equal 
parts  of  alcohol,  0*830  specific  gravity,  and  in  about  30  parte  of  water. 
The  ethereal  or  volatile  oft  is  officinal  in  the  French,  Swiss,  and  Norwegian 
pharmacopoeias.  The  ethereal  oil  is  much  adulterated.  The  analyst  will 
specially  look  for  alcohol,  prussic  acid,  nitro-benzine,  and  ethereal  oils. 

If  alcohol-free,  the  addition  of  an  equal  weight  of  fuming  nitric  acid 
produces  no  effervescence,  and  after  two  or  three  days  the  mass  becomes 
emerald  green,  and  crystals  of  benzoic  acid  appear.  On  the  other  hand,  if 
it  contain  alcohol  from  0*08  per  cent,  upwards,  there  is  immediately  a 
strong  effervescence.  Some  of  the  teste  given  for  alcohol  at  p.  382  et  seq. 
will  be  of  service. 

volume  ;  and  then  adding  ether,  which  precipitates  the  amygdalin,  and  removes  any  of 
the  remaining  fixed  oil.    Lehmann  obtained  from 

Bitter  almonds, 
Cherry-kernels, 
Plum  kernels, 
Apple-seeds,  . 
Peach-kernels, 
Cherry-laurel  leaves, 
Bark  of  Rhamnus  frangula, 

Cherry  laurel  leaves  and  Rhamnus  bark  contain  hydrocyanic  acid  ready  formed. 


2*5  per  cent,  crystallised  amygdalin. 

0*82  „ 

0'96 

0'60  „ 
2-35  „ 

1  '38  per  cent,  amorphous  amygdalin. 
07  „ 
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The  detection  and  estimation  of  prussic  acid  in  the  essence  is  carried 
out  on  the  principles  detailed  in  the  article  on  Prussic  Acid  iii  Poisons,  by 
A.  Wynter  Blyth. 

Nitrobenzine  is  indicated  when  the  essence  is  not  entirely  soluble  in  a 
solution  of  bisulphide  of  potash,  and  the  specific  gravity  is  higher  than 
1*07,  the  specific  gravity  of  nitrobenzine  being  1*20  to  1*29;  the  boiling 
point  will  also  be  raised.  In  such  a  case  nitrobenzine  should  be  specially 
tested  for,  by  changing  it  into  aniline  by  reduciug  agents.  For  this 
purpose  10  parts  of  dilute  sulphuric  acid  (specific  gravity  11 17)  may  be 
added  to  10  of  granulated  zinc  and  1  part  of  essence.  At  the  end  of  two 
hours  (after  frequent  agitation)  the  fluid  is  passed  through  a  moistened 
filter,  and  a  crystal  of  chlorate  of  potash  added  to  the  filtrate  with  a  drop 
of  concentrated  sulphuric  acid.  If  a  violet  or  red  colour  is  produced,  it  is 
due  to  the  presence  of  an  aniline  salt,  produced  from  nitrobenzine ;  but  if 
there  is  no  coloration,  nitrobenzine  must  have  been  absent. 

To  estimate  the  amount  of  nitrobenzine  in  an  adulterated  sample  5  c.c. 
of  the  essence  are  shaken  up  in  a  separating  tube  with  35  c.c.  of  a 
concentrated  solution  of  sodic  bisulphite  at  25°  and  made  up  to  50  c.c.  by 
addition  of  water.  The  nitrobenzine  is  now  taken  up  with  ether,  the 
ether  separated  and  dried  by  fused  calcic  chloride  and  allowed  to  evaporate 
spontaneously,  and  the  nitrobenzine  weighed. 

Another  special  method  used  for  the  detection  of  nitrobenzine  was 
proposed  by  Maisch  : — 1  grm.  of  the  essence  is  dissolved  in  twelve  times  its 
volume  of  alcohol,  '75  of  caustic  melted  potash  is  added,  and  the  whole 
heated  until  the  liquid  is  diminished  to  about  one-third.  The  pure  essence, 
on  cooling,  is  of  a  light  brown  colour,  and  dissolves  entirely  in  water ;  but 
if  nitrobenzine  is  present,  the  residue  is  brown,  crystalline,  and  insoluble  in 
water. 

The  action  of  sodium  on  the  essence  may  also  be  utilised  as  a  test : — 
Pure  almond  essence,  when  treated  with  sodium,  gives  white  flocks;  if 
nitrobenziue  should  be  present,  the  sodium  is  immediately  covered  with 
yellow  or  brown  flakes,  according  to  the  amount  of  adulteration ;  if  the 
percentage  rises  as  high  as  0*30  to  0*50,  the  whole  liquid  after  a  minute 
becomes  thick  and  opaque.  (Dragendorff.) 

However,  the  action  of  potash  alone  on  a  sample  adulterated  with 
nitrobenzine  is  tolerably  conclusive.  If  one  grm.  of  the  essence  is  treated 
in  a  test-tube  with  half  its  weight  of  pure  caustic  potash,  a  yellow  colora- 
tion is  produced,  should  the  essence  be  pure ;  but  if  nitrobenzine  be  present, 
the  tint  soon  becomes  yellowish-red,  and  at  the  end  of  a  minute  green.  On 
the  addition  of  a  little  water,  the  mixture  separates  into  two  layers,  of 
which  the  lower  is  yellow  and  the  upper  green,  the  latter  changing  in  the 
course  of  a  day' into  red.  Most  foreign  ethereal  oils  may  be  detected  by 
the  bisulphite  of  soda  test : — If  a  little  of  the  pure  essence  be  dropped  into 
a  warm  solution  of  this  salt,  of  from  1*24  to  1*26  specific  gravity,  shaken, 
and  then  diluted  with  hot  water,  it  is  fully  dissolved ;  other  essences,  on 
the  contrary,  are  insoluble. 

Annatto. 

§  364.  Annatto  is  a  colouring-matter  obtained  from  the  seeds  of  the 
Bixa  orellana,  chiefly  prepared  in  Brazil  and  Cayenne.  Although  not 
used  itself  as  a  food,  it  enters  into  several  articles  of  consumption,  and 
has  been  employed  to  colour  milk,  butter,  and  cheese. 
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Microscopical  Characters. — When  annatto  is  examined  by  the  micro- 
scope, the  outer  red  portion  presents  an  almost  homogeneous  appearance, 
and  the  surface  of  the  seed  proper  consists  of  narrow  or  elongated  cells  or 
fibres  vertically  disposed,  while  the  inner  white  portion  consists  of  cells 
filled  with  starch  corpuscles,  well  defined,  of  medium  size,  and  resembling 
in  the  elongated  and  stellate  hilum  the  starch  granules  of  the  pea  and 
bean. 

In  commercial  unadulterated  annatto,  but  little  structure  is  met  with. 
Portions  of  the  outer  cells  may  be  seen ;  and  in  those  specimens,  which 
in  the  course  of  their  preparation  have  not  been  subjected  to  the  action 
of  boiling  water,  a  few  starch  granules  may  be  noticed. 

Since  this  is  the  case  with  annatto  itself,  we  can  the  more  easily  detect 
the  presence  of  most  foreign  vegetable  substances,  such  as  turmeric  powder, 
the  starch  of  wheat,  rye,  barley  and  sago  flours.  The  salt  and  alkali 
present  in  the  annatto  generally  greatly  alter  the  appearance  of  the 
turmeric.  Most  of  the  colouring-matter  of  the  cells  is  discharged,  so  that 
the  starch  corpuscles  contained  within  them  become  visible.  Loose  starch 
granules  of  turmeric  may  also  be  frequently  seen,  and  in  consequence  of 
the  action  of  the  alkali  much  enlarged. 

§  365.  Cliemical  Composition  of  Annatto. — Dr.  John  found  the  pulp 
surrounding  the  fresh  seed  to  consist  of  28  parts  of  colouring  resinous 
matter,  26*5  of  vegetable  gluten,  20  of  ligneous  fibre,  20  of  colouring 
extractive  matter,  4  formed  of  matters  analogous  to  vegetable  extractive, 
and  a  trace  of  spicy  and  acid  matters.  The  colouring-matter  consists  of 
a  red  substance — bixin,  associated  with  a  yellow,  orellin;  the  latter  has 
been  as  yet  but  little  studied. 

Bixin,  ClbHl60^  when  pure,  is  an  amorphous,  resinous,  cinnabar-red 
substance.  It  is  scarcely  soluble  in  water  and  bisulphide  of  carbon, 
soluble  in  about  89  parts  of  cold,  and  in  25  of  hot,  alcohol ;  in  345  parts 
of  ether,  in  93  of  chloroform,  and  also  in  the  caustic  and  carbonated 
alkalies.  The  alcoholic  solution  is  coloured  orange-red  by  lead  acetate, 
brown  ish-yellow  by  chloride  of  mercury  and  acetate  of  copper,  brown-red 
by  chloride  of  iron,  and  it  is  precipitated  yellow  by  stannous  or  stannic 
chloride;  concentrated  sulphuric  acid  produces  a  deep  blue.  A  solution 
of  bixin  in  an  alkaline  liquid,  on  neutralisation  with  an  acid,  gives  a 
precipitate  of  the  resin,  and  in  this  way  it  may  be  purified. 

§  366.  Adulterations. — Annatto  is  one  of  the  most  adulterated  sub- 
stances met  with  in  commerce,  the  adulterants  being  both  organic  and 
inorganic.  The  organic  substances  used  are — turmeric,  rye,  barley,  and 
wheat  flours,  as  well  as  aniline  dyes.  These  latter  should  always  be 
looked  for  in  the  solution  of  annatto  in  oil  or  alkalies  so.  extensively  used 
for  colouring  dairy  products.  The  inorganic— sulphate  of  lime,  carbonate 
of  lime,  salt,  alkali,  an  oily  substance  (probably  soap),  red  ferruginous 
earths  (mostly  Venetian  red),  red  lead,  and  copper. 

When  large  quantities  of  flour  and  lime  are  used,  the  colour  of  the 
annatto  is  so  reduced  that  it  becomes  necessary  to  use  salt,  alkalies,  and 
the  red  earths,  to  restore  it  to  its  original  standard.  Salt  heightens  the 
intensity  of  vegetable  reds,  hence  its  use.  Lead  is  probably  introduced 
into  the  annatto  through  the  Venetian  red  used.  Copper  is  added  to 
prevent  the  annatto  becoming  attacked  by  fungi. 

^he  following  is  an  analysis  by  one  of  the  writers  of  a  fair  commercial 
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No.  1.  The  8am pie  was  in  the  form  of  a  paste,  colour  deep  red,  odour 
peculiar,  but  not  disagreeable  : — 


Water,   24  '2 

Resin   28*8 

Ash,   22*5 

Starch  and  extractive  matter,   24  '5 


100*0 


The  following  is  an  analysis  of  an  adulterated  sample.  It  was  in  the 

form  of  a  hard  brown  cake,  texture  hard  and  leathery,  odour  disagree- 
able : — 

Water   18  4 

Resin,   11*0 

Ash— consisting  of  iron,  silica,  cbalk,  alumina,  and  salt,  48  '8 

'Extractive  matter,   27*3 


100-0 

§  367.  The  Analysis  of  Annatto,  as  may  be  gathered  from  the  preceding 
description,  principally  resolves  itself  into  a  determination  of  the  ash  and 
an  estimation  of  the  resin.  The  former  is  determined  in  the  usual  way, 
the  latter  by  exhausting  the  sample  by  boiling  alcohol,  getting  rid  of  the 
spirit  by  evaporation,  and  then  redissolving  the  extract  thus  obtained  in 
an  alkaline  solution,  and  finally  precipitating  the  nearly  pure  resin  by 
careful  neutralisation  with  an  acid. 


Olive  Oil. 


§  368.  Olive  oil  is  derived  from  the  fruits  of  the  olive  tree,  Olea 
Europcea  sativa,  of  which  there  are  many  varieties ;  in  Italy  alone,  three 
hundred. 

The  constants  of  olive  oil,  as  compared  with  others,  are  set  forth  in 
the  following  table  : — 

TABLE  LX.— Chemical  and  Physical  Constants  of  Olive  Oil  and  some  Oils 

U8ED  FOR  THE  ADULTERATION  OF  OLIVE  OlL. 


Specific  Gravity, 
Water =1. 

Solidifying  Point. 

3~S 

•? 

ll 

J* 

fj 

I 

Iodine 
Value. 

Iffaumene 
Thermal 
Test. 

At  15*  C. 

At  100*  C. 

Fat 

Fatty 
Acids. 

Olhre  oil, . 

-014  to  -917 

•862 

-2*C. 

21*  to  22*  C. 

94  to  96 

186  to  196 

79  to  88 

84'to8f>'C., 

generally 

mean  value 

81  to  86 

86*. 

Cotton-seed  oil, 

-922  to  -980 

•867  to  -868 

O'to-  V 

81' to  86* 

960 

191  to  196 

100  to  117 

76*  to  90* 

Arachia  oil,  . 

•916  to  922 

•864  to  -869 

-  8*  to-  V 

24*  to  80' 

96*0 

190  to  196 

87  to  100 

44*to6T 

Rape  oil, . 

•914  to  '917 

•866  to '864 

-  2*  to- 10* 

17'  to  18* 

950 

176  to  179 

97  to  102 

49*  to  51* 

Sesaine  oil, 

•922  to  924 

•868  to  871 

-  4*  to-  6' 

18'  to  22' 

96*0 

188  to  191 

108  to  112 

68*  to  68' 

Maize  oil, 

•921  to  -922 

•868  to  -869 

-10*  to -15* 

14*  to  16* 

96*0 

189  to  190 

111  to  119 

79*  to  86* 

cocoa-nut 

olein. 

Cocoa-nut  oil, . 

•928 

•878 

16'  to  20' 

16*  to  20* 

88*0 

246  to  268 

8  to  9 

26*  to  27* 

(Alien). 

Poppy  oil, 

•928  to  924 

•878 

-18* 

15*  to  16* 

964 

190  to  196 

188  to  188 

86*  to  88' 

Castor  oil, 

4600  to '9736 

-10' to -18' 

176  to  182 

88*4  to  86 

46*  to  47* 

Curcas  oil, 

•911  to  920 

-8* 

87-9 

210  to  280 

100  to  127 

A".  2*.— None  of  the  above  (tare  cocoa-nut  oil)  give  more  than  sufficient  volatile  acid  to  neutralise  1  c.c.  of 
d.  n.  soda  when  submitted  to  the  Reichert-Wollny  test.  Cocoa-nut  oil,  however,  gives  a  definite  Heichert- 
Wollny  value  of  about  7  c.c,  and  castor  oil  about  8  c.c.  of  d.  a.  soda  per  6  grammes  of  fat. 
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The  composition  varies  within  certain  limits  according  to  the  species 
and  locality,  and  as  to  whether  the  oil  has  been  expressed  or  extracted  by 
solvents.  The  finest  edible  oils  are  known  under  the  names  of  '  Virgin  oil,' 
' Provence  oil/  '  Aix  oil* ;  and  a  second  quality  is  sold  under  the  name  of 
4  finest  Tuscan  cream.' 

Olive  oil  contains  about  28  per  cent,  of  solid  glycerides  consisting  of 
palmitin,  stearin,  and  a  small  quantity  of  arachin.  The  liquid  portion  of 
the  oil  contains  olein,  linoleic  acid,  and  unsaponifiable  matter  (cholesterol) 
in  the  following  proportions : — Olein,  66  per  cent. ;  linoleic  acid,  5  per 
cent. ;  unsaponifiable  matter,  1  per  cent. 

Free  fatty  acid  is  always  present  in  quantities  varying  from  1  per  cent 
to  25  per  cent 

Most  specimens  of  olive  oil  when  examined  by  the  spectroscope  show 
a  chlorophyll  spectrum. 

TABLE  LXI.— Mixed  Fatty  Acids. 


I  i 

i                                   |   Melting  Point. 

Saponification 

Value, 
Mgrrns.  KHO. 

1 

Iodine  Number. 

i 

1  Olive  oil, 

24°  to  27° 

192 

85  to  90 

|  Sesam6  oil, 

.  1     24°  to  26° 

199 

109  to  112 

Rape  oil,  . 

.  J     16"  to  19° 

170  to  177 

99*8  to  103 

Cotton  oil, 

.  1     30°  to  36° 

204  to  208 

111  to  118 

1  Arachis  oil, 

.  ;     28°  to  31° 

199*7 

96  *5  to  103 

Poppy  oil, 

20°  to  21° 

199 

96  to  103 

§  369.  Adulteration*  of  Olive  Oil. — Olive  oil  commands  a  good  price,  and 
is  therefore  extensively  adulterated  with  other  oils,  especially  with  cotton 
and  arachis  oils,  but  sesame,  rape,  poppy-seed,  lard,  curcas  and  castor  oils 
have  been  used.    Green  oils  should  always  be  examined  for  copper. 

Refraction  of  Olive  Oil. — Jean's  refractometer  may  be  applied  for  the 
detection  of  certain  adulterants.    Oliveri  gives  the  following  values  : — 

Deviation. 


Olive  oil,   0°  to  2° 

Sesame  oil   15°'5 

Arachis  oil,   7° "6 

Cotton -seed  oil,   18° 

Colza  oil   26°*5 

Poppy-seed  oil,   28" '5 

Castor  oil,   41°-44° 


Zeiss'  refractometer  may  be  used  with  advantage  for  the  detection  of 
cotton-seed  oil.  The  table  (LXI  I.,  p.  511)  gives  the  normal  readings  of 
olive  and  cotton-sced  oils  at  various  temperatures. 

J.  H.  Long1  has  examined  a  number  of  oils  and  determined  the  specific 
gravity  at  24°  C.  as  compared  with  water  at  4°  C,  the  oils  being  weighed 
in  a  vacuum.  He  has  also  determined  the  refraction  at  20°  C,  using  the 
sodium  light ;  the  following  are  his  chief  results  : — 


Specific  Refractive 

Gravity.  Index. 

Olive  oil,  0-9130  1*4608 

Cotton-seed  oil,     ....    0*9191  1*4732 

Sesame  oil   0*9191  1*4740 

Mustard  oil,   0*9121  1*4742 

Castor  oil,   0*9589  1*4791 

Lard  oil,   0*9122  1*4686 

Peanut  oil,   0  *9178  1*4717 


1  Amer.  CHem.  Joutu.,  *&TOr-4Sft. 
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The  variations  caused  by  temperature  he  found  to  be  0*00068  speciBc 
gravity,  and  0°  0004  refraction,  for  each  rise  of  1  degree  C.  in  temperature. 


TABLE  LXII. — Readings  on  Zeiss  Refractometer  of  Olive 

AND  COTTON-8KED  OlLS. 


Temperature 
(Centigrade). 

Soalk  Reading— 

Temperature 
(Centigrade). 

Scale  Reading— 

Olive  Oil. 

Cotton -seed 
Oil. 

Olive  Oil. 

Cotton -seed 
Oil. 

35*0 

57-0 

61'8 

25'5 

62*4 

67-5 

34*5 

57  '2 

62*1 

25*0 

63  "0 

67*9 

34-0 

57*4 

62*3 

24*5 

63*3 

68  2 

33*5 

577 

62  5 

24*0 

63*6 

68-5 

33  0 

68  0 

62  8 

23*5 

68*9 

68*8 

32-5 

58*3 

63-0 

23  0 

64*2 

69  -1 

32  0 

58-5 

63*2 

22*5 

64-5 

69*4 

31*5 

59*0 

63*6 

22  0 

64*8 

697 

31*0 

59*2 

64*0 

21-5 

65-1 

70-0 

30-5 

59*4 

64'2 

21  0 

65-4 

70  3 

30*0 

59*9 

64*5 

20'5 

657 

70-6 

29*5 

60*1 

64*9 

20*0 

66*0 

70*9 

29*0 

60  3 

65*1 

19  5 

66*3 

71*2 

28*5 

60*6 

65  3 

19-0 

66*6 

71-5 

28  0 

60*9 

65*7 

18*5 

66  9 

71-8 

27'5 

61'1 

66*0 

18-0 

67  2 

72-1 

27-0 

61*5 

66*5 

17-5 

67  5 

72-4 

26*5 

62*0 

67*0 

17*0 

67-8 

727 

26*0 

62*2 

67*3 

16*5 

681 

73*0 

The  following  are  the  chief  special  tests  for  foreign  oils : — 

Sesame  Oil. — 20  c.c.  of  the  oil  are  mixed  in  a  test-tube  with  10  c.c.  of 
hydrochloric  acid  (specific  gravity  1*19),  which  contains  in  solution  0'1  grm. 
of  sugar ;  on  shaking  and  allowing  to  stand  a  minute,  should  sesame*  oil  be 
present,  there  will  be  a  more  or  less  crimson  colour  developed. 

The  red  colour  in  some  olive  oils  adulterated  with  sesame*  appears  in 
the  oil  rather  than  in  the  aqueous  layer. 

According  to  V.  Villavecchia  and  G.  Fabris 1  sesame*  oil  may  be  thus 
detected :  01  c.c.  of  a  2  per  cent,  solution  of  furfurol  is  placed  in  a  test- 
tube  and  10  c.c.  of  the  oil  to  be  tested  added,  followed  by  10  c.c.  of  HC1, 
specific  gravity  1*19.  The  tube  is  shaken  for  half  a  minute;  a  red  colour 
denotes  sesame  oil. 

Sesame^  if  present,  will  also  alter  the  '  constants '  (see  Table  LX.,  p. 
509),  its  presence  tending  to  raise  the  specific  gravity,  the  iodine  number, 
and  the  thermal  value ;  but  a  small  percentage  of  sesame  will  only  affect 
these  slightly. 

Arachis  Oil. — Arachis  oil  is  so  similar  to  olive  oil  in  its  general  reactions 
that  the  only  way  in  which  it  can  be  demonstrated  with  certainty  is  the 
isolation  and  estimation  of  arachidic  acid.  It  is  true  that  olive  oil  also 
contains  arachidic  acid,  but  in  so  small  a  quantity  as  not  to  be  estimable 
from  such  quantities  as  10  grins,  of  oil ;  whereas  it  is  in  about  the  proportion 
of  5  per  cent,  in  arachis  oil.  To  isolate  arachidic  acid  the  method  of 
Henard  is  in  use.  1 0  grms.  of  the  oil  are  saponified,  the  soap  decomposed 
by  hydrochloric  acid,  the  fatty  acids  dissolved  in  90  per  cent,  alcohol,  and 
1  Zeit.f.  angewandU  Chem.,  1893,  505,  506. 
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precipitated  by  lead  acetate.  (Lewkowitsch  shortens  the  process  by 
neutralising  the  soap  by  acetic  acid,  and  then  precipitating  direct  with 
lead  acetate.)  The  lead  salts  are  extnicted  with  ether,  which  does  not 
dissolve  lead  palmitate  and  lead  arachidate.  These  latter  are  warmed  with 
hydrochloric  acid,  the  fatty  acids  allowed  to  solidify,  and  separated  from 
lead  chloride.  The  solid  fatty  acids  are  dissolved  in  50  c.c.  of  hot  90  per 
cent,  alcohol.  If  arachidic  acid  be  present,  crystals  of  the  acid  are  formed 
on  cooling;  they  have  a  definite  form,  and  melting-point  of  71°  to  72°  C.  , 
they  may  also  be  identified  by  dissolving  known  arachidic  acid  in  a  similar 
quantity  in  hot  alcohol,  and  comparing  with  them  the  melting-point  and 
microscopical  characters  of  the  crystals  extracted  from  the  oil.  The 
crystals  should  be  weighed,  and  the  weight  corrected  by  adding  a  number 
representing  the  arachidic  acid  still  held  in  solution.  100  c.c.  of  90  per 
cent,  alcohol  dissolve  22  mgrms.  at  15°  C.  and  45  mgrms.  at  29°  C.  The 
quantity  of  arachis  oil  present  is  found  approximately  by  multiplying  the 
weight  of  the  crystals  by  20,  calculating  that  arachis  oil  contains  about  5 
per  cent. 

De  Negri  and  Fabris  have  examined  different  mixtures  of  olive  and 
arachis  oils,  and  have  obtained  the  following  results  (the  arachis  oil  used 
containing  apparently  4*78  per  cent,  of  arachidic  acid)  : — 


TABLE  LXIII. 


Sample  containing 

Arachidic  Acid  found. 

Olive  Oil. 

Arachis  Oil. 

Weight  of 
separated 
Crystals. 

Crystals  in 

Solution. 

Total. 

Arachis  Oil. 

70 
80 
85 
90 

30 
20 
15 
10 

Orm. 
0-107 
0*0605 
0  0385 
0-0200 

Orm. 

0*0315 

0*0315 

0*0315 

0*0315 

Orm. 
0*1385 
0*0920 
0*070 
0*0515 

Per  cent. 
29  08 
20-24 
14-00 
10-30 

In  two  other  experiments  with  10  per  cent,  arachis  oil  and  90  per  cent, 
olive  oil  only  unweighable  crystals  were  obtained,  and  in  a  third  a  quantity 
equal  to  9*54  per  cent,  arachis  oil ;  hence,  when  operating  on  10  grms. 
the  limit  of  detection  appears  to  be  10  per  cent.  Should,  therefore, 
qualitative  evidence  be  obtained  of  small  quantities  of  arachidic  acid,  from 
25  to  50  grins,  of  the  oil  must  be  saponified  to  get  quantitative  results. 

Cotton-seed  OH. — This  is  detected  by  the  alteration  it  produces  in  the 
specific  gravity,  in  the  refractometer  reading  by  the  higher  iodine  number, 
by  the  higher  melting-point  of  the  fatty  acids,  by  Becchi's  nitrate  of  silver 
test,  and  by  Halphen's  test. 

For  Becchi's  test  two  solutions  are  required — viz.,  an  alcoholic  solution 
of  silver  nitrate,  AgN03,  1  grm.;  alcohol  (98  per  cent,  by  volume),  200*0 
c.c. ;  ether,  40  c.c;  nitric  acid,  0*1  grm.,  and  a  solution  of  colza  oil,  15 
parts,  in  100  parts  of  amylic  alcohol.  The  colza  oil  should  be  'cold  drawn,' 
and  only  slightly  coloured.  To  apply  the  test,  10  c.c.  of  the  oil  to  be 
examined  are  mixed  with  1  c.c.  of  the  silver  nitrate  solution,  and  then 
from  8  to  10  c.c.  of  amylic  alcohol  solution  of  colza  oil  are  added;  the 
nixture  is  shaken  up,  and  heated  in  a  water-bath  for  five  or  ten  minutes. 
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If  cotton-seed  oil  is  present,  there  is  produced  a  brownish  colour  or  turbidity 
of  varying  grade  from  light  maroon  to  black.  A  small  quantity  of  cotton- 
seed may  give  no  reaction. 

Halpheris  Test. — Carbon  bisulphide  containing  about  1  per  cent  of 
sulphur  in  solution  is  mixed  with  an  equal  volume  of  amylic  alcohol. 
3  c.c.  of  the  sample  and  3  c.c.  of  the  reagent  are  mixed  in  a  test-tube  and 
heated  for  fifteen  minutes  in  a  bath  of  boiling  brine.  If  no  reaction  takes 
place  add  another  1  c.c.  of  the  reagent  and  heat  for  ten  minutes ;  if  there 
is  no  reaction  add  another  1  c.c.  and  heat  again.  A  red  or  orange 
coloration  indicates  cotton-seed  oil. 

The  uusaponifiable  matter  in  olive  oil  is  cholesterol ;  in  other  oils,  such 
as  cotton-seed  oil,  phytosterol ;  hence  Salkowski's  process,  already  described 
in  the  article  on  Lard,  is  applicable  to  the  detection  of  foreign  oils, 
especially  cotton-seed  oil  in  olive  oil. 

Rape  Oil. — This  may  be  detected  by  the  character  of  the  1  constants,' 
especially  by  the  melting  and  solidifying  points  of  the  fatty  acids,  the 
lower  saponification  and  the  higher  iodine  numbers. 

Poppy-seed  oil  is  chiefly  indicated  by  the  higher  specific  gravity  and 
the  high  iodine  number. 

Castor  Oil  is  soluble  in  every  proportion  in  glacial  acetic  acid  and  in 
absolute  alcohol.  Olive  oil  is  only  slightly  soluble  in  absolute  alcohol,  3*6 
in  100. 

C ureas  Oil  will  be  indicated  by  a  high  iodine  value  and  a  high  saponi- 
fication value.  It  differs  from  castor  oil  in  being  insoluble  in  acetic  acid. 
Treated  with  nitric  acid  and  copper,  an  intense  reddish  brown  colour  is 
produced. 

Lard  Oil  may  be  detected  by  the  odour  of  lard  on  warming  and  by  the 
high  melting-point  of  the  fatty  acids. 

It  may  be  finally  stated  that  experience  has  shown  that,  save  a  few 
special  tests  (such  as  Becchi's  for  cotton  oil  and  the  colour  test  for  sesame^, 
reliance  must  be  mainly  placed  on  a  careful  determination  of  the  specific 
gravity,  of  the  melting  and  solidifying  points  of  the  fatty  acids,  the 
refraction,  the  iodine  number,  and  the  saponification  values  for  the  detection 
of  adulterations  of  olive  oil. 
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§  370.  Ordinary  drinking  water  is  water  containing  dissolved  gases, 
mineral  salts  and  organic  matter  in  solution  or  suspension,  and  usually 
various  living  organisms.  The  researches  of  the  analysts  in  the  examina- 
tion of  water  have  for  their  object  the  unveiling  and  determining  the 
nature,  and  when  possible,  the  origin  of  these  substances.  The  nature  of 
the  foreign  matter  contained  in  water  depends  upon  the  purity  of  the  air 
through  which  the  water  has  fallen  as  rain,  and  upon  the  nature  of  the 
various  soils  or  surfaces  with  which  the  water  has  come  in  contact.  On 
this  account  it  is  important  that  the  analyst  should  obtain,  as  far  as 
possible,  a  full  history  of  the  sample  to  be  examined,  i.e.  whether  it  is 
surface  water,  shallow  well  water,  or  deep  well  water,  and  the  nature  of 
the  soil  from  which  the  supply  is  obtained.  This  latter  information  is  of 
especial  importance  in  enabling  the  analyst  to  draw  inferences  from  the 
nature  and  quantity  of  the  mineral  matter  present ;  thus,  water  which  has 
simply  flowed  over  Metamorphic  or  Igneous  rocks,  as  for  instance  the  water 
of  Loch  Katrine,  differs  but  little  from  rain  water.  The  total  solids  are 
very  low  and  they  contain  little  or  no  organic  matter.  Water  from  the 
chalky  if  taken  from  deep  wells,  contains,  as  a  rule,  very  little  organic 
matter,  but  is  specially  characterised  by  its  great  temporary  hardness,  due 
to  calcium  carbonate  held  in  solution  by  carbonic  acid. 

Water  from  Magnesian  Limestone  is  as  organically  pure  as  that  from 
chalk,  but  is  not  so  suitable  as  a  drinking  water  or  for  domestic  and  manu- 
facturing purposes,  on  account  of  its  high  total  hardness  and  the  large 
amount  of  magnesium  sulphate  it  contains  rendering  it  permanently  hard. 

Water  from  Oolitic  Limestone  differs  but  little  from  water  from  chalk, 
except  that  this  limestone  is  not  such  an  efficient  filtering  material,  and 
owing  to  its  liability  to  become  cracked  or  fissured,  there  is,  especially 
with  shallow  wells,  more  chance  of  its  contamination. 

Water  from  Sandstones  varies  very  considerably  in  organic  purity  and 
in  the  quantity  of  dissolved  mineral  matter.  It  is,  as  a  rule,  fairly 
hard,  containing  carbonate  and  sulphate  of  calcium.  A  considerable  quan- 
tity of  sodium  chloride  is  also  usually  present. 

Water  from  Clay  is  usually  organically  impure,  small  in  quantity,  and 
of  great  permanent  hardness. 

Water  from  Peat  contains  a  large  amount  of  organic  matter,  but  need 
not,  on  that  account,  be  dangerous  for  drinking  purposes.  It  contains  but 
little  dissolved  mineral  matters. 

It  must  be  remembered  that  the  water  from  deep  wells,  as  often  as 
not  passes  through  a  number  of  different  geological  strata,  and  so  takes 
up  various  substances  from  each,  its  final  composition  being  the  result  of 
a  complicated  series  of  changes. 
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The  routine  examination  of  ordinary  samples  of  water  comprises  the 
following : — 

I,  Examination  by  thb  Senses. 
IK  Chemical  Methods. 
III.  Biological  Methods. 

I.  Examination  by  the  Senses. 

Water  that  is  evidently  turbid,  that  possesses  an  odour  and  an 
unpleasant  taste,  requires  no  analytical  processes  to  condemn  it  as  unfit  for 
drinking  in  its  unaltered  condition;  such  waters  may,  however,  be  often 
greatly  improved  by  filtration  through  sand,  or  other  treatment.  A  water 
that  even  possesses  any  one  of  the  enumerated  bad  qualities  will,  as  a  rule, 
be  found  to  hold  in  solution  sufficient  impurities  to  make  it  decidedly 
objectionable.  Most  drinking  waters,  when  looked  at,  or  tasted,  or  smelt, 
without  special  aids  to  the  senses,  have  neither  colour  nor  odour ;  on  the 
other  hand,  all  water,  if  viewed  through  a  sufficiently  deep  stratum,  possesses 
colour. 

Colour. — To  ascertain  the  colour  of  water,  it  is  usual  for  analysts  to  be 
provided  with  a  colourless  glass  tube,  at  least  2  feet  in  length,  having  the 
ends  closed  with  plate  glass,  and  a  small  opening  in  the  side  of  the  tube 
through  which  to  pour  the  water.  The  purest  waters  have  the  slightest 
tinge  of  blue;  the  next  in  order  of  purity  have  a  just  distinguishable 
shade  of  green.  Decided  green  tints,  London  fog  hues,  amber  yellow,  and 
brown  tints  are  those  possessed  by  waters  tinged  with  peat,  containing 
suspended  matters,  of  second-class  composition,  or  those  of  considerable 
impurity. 

Messrs.  Crookes,  Odling,  and  Tidy,  in  their  report  on  the  London  water- 
supply  for  1881,  describe  an  ingenious  'colour  meter/  consisting  of  two 
hollow  wedges  filled,  one  with  a  brown  and  the  other  with  a  blue  solution. 
Any  desired  combination  of  green  and  blue  may  be  made  by  sliding  the 
wedges  across  each  other  in  front  of  a  circular  aperture  in  a  sheet  of  metal, 
and  thus  imitating  the  tint  of  water  under  examination;  each  prism  is 
graduated  from  1  to  50,  the  figures  representing  the  thickness  in  milli- 
metres at  that  particular  part  of  the  prism. 

A  far  more  scientific  method  is  to  fix  two  right-angled  prisms,  the 
reflecting  surface  of  each  being  in  opposite  directions,  in  front  of  the 
divided  slit,  and  then  to  fill  a  400-c.c.  tube,  such  as  is  used  for  saccharim- 
etry,  with  the  water  under  examination,  and  a  second  400-c.c.  tube  with 
distilled  water,  and  by  means  of  two  sources  of  light  of  equal  luminosity, 
examine  by  the  methods  described  (p.  60,  et  seq.)  the  different  parts  of  the 
spectrum,  and  tabulate  out  the  absorption  of  the  water  as  compared  with 
that  of  distilled  water. 

Smell. — Half  a  litre  or  more  of  the  water  is  warmed  in  a  large  corked  or 
stoppered  flask  to  38°  C.  [100°  F.] ;  a  long  glass  tube  three-quarters  of  an 
inch  in  diameter  is  now  inserted,  and  the  water  sucked  up  once  or  twice  so 
as  to  wet  the  side  of  the  tube  thoroughly ;  then,  without  taking  the  tube 
out  of  the  flask,  one  nostril  is  applied  to  the  orifice  of  the  tube,  the  other 
closed  by  the  finger,  and  deep  inspirations  or  '  sniffs '  taken. 

Another  simpler  plan  is  to  warm  a  quantity  of  the  water,  without 
removing  the  stopper,  up  to  the  temperature  given,  then  shake,  remove 
Mie  stopper,  and  smell;  a  putrid  odour  denotes  decomposing  animal  or 
sgetable  matter.    If  the  sample  is  much  polluted  by  fresh  sewage,  a 
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urinous  odour  is  not  unfrequently  distinct.  But,  again,  it  may  be  specially 
noted  that  water  quite  unfit  to  drink  may  have  no  odour,  hence  the  useful- 
ness of  the  test  is  limited.  A  positive  smell  teaches  volumes — a  negative 
result  is  of  little  value. 

Taste. — A  few  waters,  and  a  few  only,  have  a  decided  taste.  It  is 
scarcely  to  be  recommended  that  analysts  should  taste  samples  derived 
from  fever-stricken  localities;  but,  on  the  other  hand,  when  there  is  no 
suspicion  of  the  samples  having  been  the  cause  of  any  illness,  the  palate 
may  detect  some  not  unimportant  peculiarity. 

II.  Chemical  Methods. 
A. — Preliminary  Qualitative  Chemical  Examination. 

§  371.  The  qualitative  examination  of  drinking  water  is  not  of  much  value 
sa ve  when  applied  to  a  water  considerably  polluted.  It  may  be  restricted 
to  the  direct  addition  of  Nessler  solution,  when  a  water  containing  a  con- 
siderable amount  of  free  ammonia  will  give  an  amber  colour  or  even  a 
precipitate,  and  to  the  testing  for  nitrites,  nitrates,  and  metals. 

Detection  of  Nitrites. — The  best  tests  for  nitrites  are — (1.)  The  meta- 
phenylenediamine  test;  (2.)  Meldola's  test;  (3.)  The  naphthylamine  test ; 
(4.)  The  zinc  iodide  starch  test. 

(1.)  The  Meta-phenylenediamine  Test ;  the  solution  is  made  by  dissolving 
8  grammes  of  the  hydrochloride  in  1  litre  of  distilled  water,  and  adding  a 
little  hydrochloric  acid.  A  c.c.  of  the  solution  added  to  50  c.c.  of  water 
acidified  with  sulphuric  acid  (1:3  made  very  faintly  pink  with  perman- 
gauate  of  potash),  strikes  a  pale  straw-yellow  to  a  deep  orange-red,  accord- 
ing to  the  quantity  of  nitrite  present.  By  comparing  with  known  dilute 
solutions  of  nitrite  this  method  gives  fair  quantitative  results.  The  limit 
of  the  reaction  is,  according  to  R.  Warington,  1  part  of  nitrite  iu  ten 
millions  of  solution. 

(2.)  Meldola's  Test  is  a  solution  of  para-amido-benzene  azo-dimethyl- 
aniline  in  water,  acidified  with  hydrochloric  acid,  strength  about  '02  per 
cent.  The  reagent  is  added  to  the  water  to  be  tested,  and  the  whole  is 
acidified  with  sulphuric  acid,  warmed  from  ten  to  fifteen  minutes  on  the 
water-bath,  and  then  alkalised  by  ammonia.  If  no  nitrites  are  present, 
the  tint  is  first  a  pale  citron-yellow,  changing  on  the  addition  of  the  acid 
to  a  rose-pink,  and  reconverted  by  ammonia  or  alkalies  to  citron-yellow. 
If,  however,  nitrites  are  present,  the  acid-liquid  becomes  of  a  salmon  colour, 
and  the  final  tint  on  the  addition  of  ammonia  is  that  of  a  sap  green  with 
small  quantities  of  nitrite,  and  of  a  sapphire  blue  with  larger  quantities ; 
on  acidifying  the  liquid  it  changes  back  to  a  salmon  colour.  The  tints  are 
not  permanent,  but  soon  fade.  The  reaction,  according  to  Warington, 
succeeds  in  a  dilution  of  1  part  in  one  hundred  millions. 

(3.)  The  Naphthylamine  Test. — Reagents : — Solution  I. :  1  gnu. 
sulphanilic  acid,  14  7  c.c.  glacial  acetic  acid,  285  c.c.  distilled  water. 

Solution  II.  : — -2  grra.  a-naphthylamine,  14*7  c.c.  glacial  acetic  acid, 
325  water.  Keep  the  solutions  separate  and  mix  equal  volumes  before 
using.  To  50  c.c  of  the  sample  add  2  c.c.  of  the  mixed  solution;  a 
minute  trace  of  nitrite  strikes  a  pale  pink  ;  but,  if  much  nitrite  be  present, 
a  deep  ruby  colour  is  produced,  and  the  solution  becomes  turbid  from  the 
precipitation  of  colouring-matter.  The  reaction  may  be  made  to  give  good 
quantitative  results.    Warington  found  the  reaction  distinct  with  a 
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dilution  of  1  part  of  nitrite  in  five  hundred  millions  of  water,  but  in  these 
great  dilutions  the  reaction  requires  to  go  on  for  an  hour  or  two  before 
the  colour  is  developed. 

(4.)  The  Zinc  Iodide  Starch  Test— To  100  c.c.  of  the  water  are  added 
2  c.c.  of  strong  sulphuric  acid,  and  a  little  zinc  iodide  and  starch  solution 
(see  Appendix) ;  in  the  presence  of  nitrites  a  blue  colour  appears. 

Detection  of  Nitrates. — Since  no  natural  water  is  absolutely  free  from 
nitrate,  the  quantitative  estimation  of  nitrates  is  alone  of  importance. 
Most  tests  are  common  to  nitrites  and  nitrates.  Nitrates,  in  the  absence 
of  nitrites,  can  be  readily  tested  for  by  acidifying,  adding  a  little  zinc,  and 
then  testing  with  the  zinc  iodide  starch  test.  (For  the  brucine  and  other 
tests,  see  pp.  523-525.) 

Detection  of  Poisonous  Metals. — The  poisonous  metals  most  frequently 
found  in  ordinary  waters  are  lead  or  copper,  and  the  most  sensitive  test  for 
these  is  to  acidify  and  add  either  ammon.  sulphide  or  sulphuretted  hydrogen 
water ;  a  dark  tint  or  precipitate  denotes  either  lead  or  copper,  or  both  ;  by 
adding  potassic  cyanide  solution,  if  the  dark  hue  be  due  to  copper  sulphide 
only,  the  solution  clears ;  if  to  lead  sulphide  only,  it  remains  dark  ;  if  to  a 
mixture,  it  partially  clears.  To  confirm  a  copper  reaction,  test  with  potassic 
ferrocyanide  ;  this  produces  a  brownish  colour  or  precipitate,  according  to 
the  quantity  of  copper  present. 

A  convenient  reagent  is  the  senior  authors  cochineal  test.  A  solution 
of  cochineal  in  spirit  strikes  with  a  neutral  or  alkaline  solution  containing 
dissolved  lead  or  copper,  a  deep  mauve-blue  to  a  red  with  a  faint  blue 
tinge,  according  to  the  amount  present.  The  test  will  indicate  y1^  of  a  grain  of 
lead  per  gallon  in  ordinary  drinking-water,  and  by  the  aid  of  comparison  lead 
or  copper- free  solutions,  smaller  quantities  of  these  metals  may  be  detected. 

F.  P.  Venable1  has  found  4 '48  grains  of  zinc  carbonate  per  gallon  in  a 
spring  water.  Heaton2 — in  a  Welsh  spring,  after  flowing  through  half  a 
mile  of  galvanised  iron  pipe — found  6*41  grains  per  gallon  of  ZnC08.  Dr. 
Frankland  has  recorded  a  case  of  poisoning  from  a  zinc-polluted  well-water. 

Potassic  ferrocyanide,  added  to  the  filtered  and  acidulated  water 
containing  zinc,  gives  either  a  light  white  cloud  or  heavy  precipitate, 
according  to  the  amount  present. 

B. — Quantitative  Analysis. 

§  372.  A  complete  examination  by  chemical  processes  embraces  the 
following  determinations : — 

1.  Total  solid  residue,  and  solids  in  solution  and  suspension. 

2.  Estimation  of  the  halogens,  chlorine,  and  occasionally  iodine,  and 

in  a  few  cases  bromine. 

3.  Phosphates. 

4.  Nitrates  and  Nitrites. 

5.  Estimation  of  dissolved  oxygen. 
6*  Sulphates. 

7.  Oxygen  absorbed  from  permanganate. 

8.  Free  and  albuminoid  ammonia. 

9.  Hardness. 

10.  Alkalinity. 

11.  Organic  Analysis — Estimation  of  organic  carbon  and  nitrogen. 

12.  Mineral  analysis  of  water. 


1  Chew.  News,  vol.  li.  18. 


2  Ih.t  xlix.  85. 
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The  ordinary  analyses,  sufficient  in  most  cases  to  pronounce  an  opinion 
as  to  the  fitness  of  a  water  for  drinking  purposes,  embrace  only  1,  2,  3,  4, 
7,  8,  and  9. 

1.  Total  Soli  I  Residue. — By  the  total  solid  residue  of  a  water  is  meant 
the  substances  in  solution,  as  determined  by  drying  up  a  measured 
portion,  and  weighing  the  dried  residue ;  if  the  water  contain  suspended 
matters,  it  should  first  be  filtered,  and  a  portion  of  the  clear  filtered  liquid 
taken.  The  amount  suitable  for  this  determination  depends  upon  the 
characters  of  the  water.  The  soft  Devon  waters  yield  a  very  insignificant 
residue  from  100  c.c,  and  to  obtain  trustworthy  results,  at  least  a  quarter 
of  a  litre  is  required ;  while,  on  the  other  hand,  with  calcareous  waters, 
good  results  may  be  always  obtained  from  100  c.c.  With  waters  the 
characters  of  which  are  unknown,  it  will  be  best  to  operate  on  a  quarter  of 
a  litre,  or  (if  working  with  English  measures)  one-twentieth  of  a  gallon. 
The  water  may  be  placed  in  a  platinum  dish,  and  evaporated  down  to  a 
small  quantity  over  a  ring  burner,  taking  care  that  the  liquid  in  no  case 
boils  or  even  simmers ;  the  last  drops  are  driven  off  on  the  water-bath.  It 
is  recommended  by  the  Society  of  Analysts  to  heat  the  residue  up  to  104° 
C.  (220°  F.)  in  the  air-bath,  and  then  to  cool  under  a  desiccator ;  but  with 
waters  of  unknown  composition,  it  will  be  beat  to  weigh  the  residue,  which 
has  not  been  exposed  to  a  greater  heat  than  100°  C,  for  it  is  always  open 
to  the  chemist  to  expose  the  residue  thus  obtained  to  higher  temperatures. 
The  examination  of  the  solid  matters  by  the  eye  will  often  reveal  much. 
Iron  gives  a  coppery  lusture  to  the  dish,  manganese  a  green  to  the  ash, 
and  very  pure  waters  leave  a  residue  almost  white.  The  dish  with  its 
contents  is  next  heated  to  a  low  redness,  by  the  aid  of  a  good  Bunsen's 
burner,  furnished  with  a  rose,  and  then  cooled  and  weighed.  Note  should 
be  taken  of  any  blackening  or  scintillation.  The  loss  of  weight  is  returned 
as  loss  on  ignition,  and  this  final  residue  is  dissolved  in  the  manner  to  be 
described,  and  used  for  the  qualitative  determination  of  the  phosphates. 
The  suspended  solids  are  best  estimated  by  evaporating  to  dryness,  and 
weighing  the  residues  of  known  quantities  of  the  water  unfiltered  and  of 
the  water  filtered  through  a  hard  filter,  the  difference  in  the  weights 
equalling  suspended  solids. 

2.  Estimation  of  the  Halogens. — The  estimation  of  chlorine  is  an 
essential  part  of  the  ordinary  scheme  of  water  analysis ;  that  of  iodine  is 
rarely  (perhaps  too  rarely)  performed,  while  so  few  waters  contain  an 
estimable  amount  of  bromine,  that  it  need  not  be  here  described. 

Chlorin*'. — Chlorine  exists  in  ordinary  waters  in  the  form  of  sodic 
chloride;  occasionally  a  small  portion  of  the  total  chlorine  is  combined 
with  potassium,  and  sometimes  quite  a  quantity  of  calcium  chloride  is 
present.  It  may  l)e  estimated  volumetrically  by  a  standard  solution  of 
silver  nitrate  {see  Apjwidix),  using  as  an  indicator  neutral  potassic 
chromate.  Nitrate  of  silver  in  presence  of  potassic  chromate  and  alkaline 
chlorides  (when  the  solution  is  neutral)  first  uses  up  or  decomposes  all  the 
chlorides,  and  then  attacks  the  chromates.  Chloride  of  silver  being  white, 
and  chromate  of  silver  being  red,  the  formation  of  silver  chromate  is 
indicated  immediately  by  a  red  colour.  At  least  100  c.c.  of  ordinary  water 
(or,  if  grains  are  worked  with,  1 40  grains)  are  to  be  taken  for  the  deter- 
mination of  chlorine.  With  much-polluted  waters,  with  those  near  the  sea- 
shore or  other  places  in  which  the  ground  is  impregnated  with  salt,  such  a 
quantity  may  be  inconvenient,  and  it  will  be  necessary  then  to  dilute  with 
distilled  water,  taking  of  the  diluted  liquid  a  known  quantity.    In  any 
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ease,  the  water  is  put  into  either  a  white  porcelain  dish  or  a  beaker 
standing  on  a  white  slab.  1  c.c.  of  the  chromate  solution  (or  15  grains)  is 
added  to  the  water,  and  the  standard  solution  run  in  from  a  graduated 
burette  or  pipette. 

The  exact  termination  of  the  process  is  best  observed  through  a  glass 
cell,  in  whioh  a  little  pale  chromate  solution  has  been  placed.  Since  the 
eye,  looking  thus  through  yellow  light,  is  very  sensitive  to  the  red  rays, 
it  may  be  necessary — especially  where  great  accuracy  is  required — to 
repeat  the  determination  in  the  following  way : — The  water  from  which 
the  red  colour  of  the  silver  chromate  cannot  be  discharged  by  stirring, 
is  rendered  again  whitish-yellow  by  the  cautious  addition  of  a  very  dilute 
solution  of  common  salt.  A  fresh  portion  of  water  is  titrated  in  a  fresh 
dish  or  beaker,  side  by  side  with  the  former ;  in  this  way  the  first 
permanent  difference  of  colour  can  be  observed.  The  results  may  be 
expressed  in  chlorine  as  chlorides,  or  it  may  be  returned  as  common  salt ; 
for  the  latter  purpose  multiply  the  chlorine  by  the  factor  1*648,  or  more 
exactly  by  1*64788.  The  following  short  table  may  facilitate  calcu- 
lation : — 


Chlorine. 

1- 

2* 
3* 
4* 
5* 


Sodium  Chloride. 
1-648 
3*296 
4*944 
6*592 
8-240 


Chlorine. 
6- 
7- 
8* 
9* 
10* 


Sodium  Chloride. 
9*888 
11-536 
13184 
14*832 
16*480 


In  a  general  laboratory  it  may  be  more  convenient  to  estimate  chlorine 
by  Volhard's  method,1  because  the  solutions  are  in  that  case  applicable 
to  the  determination  of  the  halogens  in  acid  solutions,  in  which  they 
have  hitherto  been  estimated  by  weight. 

For  ordinary  purposes  the  solution  of  silver  nitrate  should  be  deci- 
normal  (that  is,  17  gnus,  per  litre),  but  for  water  analysis  the  strength 
given  in  the  Appendix  is  most  convenient. 

Beside  the  silver  solution,  are  required — (1 )  A  solution  of  ammonium 
sulphocyanide;  (2)  strong  nitric  acid  which  has  been  boiled;  (3)  a 
saturated  solution  of  ferric  alum.  The  sulphocyanide  solution  is  diluted 
so  that  10  c.c.  shall  exactly  equal  10  c.c.  of  the  silver. 

This  is  easily  effected  as  follows : — 10  c.c.  of  the  silver  solution,  acidified 
with  nitric  acid,  are  run  into  a  beaker,  and  a  drop  of  the  iron-alum 
solution  added ;  the  sulphocyanide  solution  is  now  run  in  from  a  burette 
until  a  single  drop  gives  a  red  colour ;  the  number  of  c.cs.  used  is  noted, 
and  the  sulphocyanide  diluted  accordingly. 

The  titration  of  the  chlorides  in  water  is  done  on  similar  principles ; 
an  excess  of  silver  solution  is  added  to  100  c.c.  of  water,  the  mixture 
well  shaken,  and  a  few  drops  of  alum  solution  added,  and  then  the  excess 
of  silver  solution  determined  by  carefully  running  in  the  sulphocyanide 
until  the  red  colour  denotes  the  end  of  the  reaction. 

Iodine. — M.  Chatin2  has  upheld  the  theory,  that  goitre  is  caused  by  waters 
insufficiently  iodised — a  proposition  which  cannot  be  considered  proved.  However, 
although  M.  Chatin  has  failed  to  convince  the  scientific  world  of  the  truth  of  his  theory, 
lie  has  done  good  service  in  showing  how  easy  the  detection  and  estimation  of  iodine  in 
water  really  is,  and  in  demonstrating  the  fact  that  most  waters  contain  it  in  appreciable 

1  "On  the  Estimation  of  the  Halogens," 
Liebig's  Annalen,  cxc.  24. 

2  Compt.  Rend.,  t.  xxxv.,  xxxix. 


by  A.  Percy  Smith.    Analyst,  Jan.,  1886. 
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quantity.  The  process  which  M.  Chatin  used  in  his  researches  was :  To  evanorate  one 
or  two  litres  of  the  water  to  dryness  with  pure  potassic  carbonate,  to  calcine  very 
moderately  this  dry  residue,  and  then  to  extract  with  strong  alcohol  of  94  i>er  cent. 
This  alcoholic  solution  is  again  evaporated  to  dryness,  and  moderately  calcined  ;  the 
last  residue  is  dissolved  in  a  very  little  water,  and  will  show  all  the  reactions  of  potassic 
iodide.  It  is  colorimetrically  estimated  by  palladium.  A  solution  of  chloride  of 
]>alladium  gives  a  distinct  colour  with  an  infinitesimal  quantity  of  iodiue  ;  hence  it  is 
only  necessary  to  have  a  standard  solution  of  potassic  iodide,  containing  say  1  milligramme 
in  100  c.c,  and  to  estimate  it  precisely  on  the  same  principles  as  detailed  {pod)  for 
ammonia.  Mr.  Marchand,1  pursuing  the  same  line  of  researches,  has  preferred  to  pre- 
cipitate from  ten  to  twenty  litres  with  nitrate  of  silver,  collect  the  precipitate  which 
may  contain  the  chloride,  iodide  and  bromide  of  silver,  and  dissolve  it  in  sodic  hypo- 
sulphite. The  silver  is  now  thrown  out  of  this  solution  by  sulphuretted  hydrogen,  and 
the  solution,  when  freed  from  silver  sulphide,  evaporated  to  dryness  with  a  little  hydro- 
|K>tassic  carbonate.  In  this  way  he  obtains  the  chloride,  bromide,  and  iodide  of 
potassium.  When  the  residue  is  perfectly  dry,  it  is  extracted  with  stroug  alcohol  of 
85  per  cent. ;  the  alcoholic  liquid  is  evaporated  to  dryness  at  a  temperature  not 
-exceeding  75°  C.  This  last  residue  is  again  taken  up  by  alcohol,  and  treated  similarly 
to  the  potassic  iodide  obtained  by  Chatin's  method. 

3.  Phosphates, — The  residue  after  ignition  is  treated  with  a  very  little 
nitric  acid,  and  evaporated  to  dryness ;  this  treatment  renders  the  silica 
iii soluble.  It  is  now  again  dissolved  in  a  few  drops  of  nitric  acid,  some 
water  added,  and  filtered  through  an  exhausted  filter.  If  the  filtrate 
is  more  than  5  c.c,  it  should  be  concentrated  to  a  smaller  bulk,  and 
its  own  volume  of  the  niolybdic  solution  (see  Ap})endix)  added.  The 
solution  thus  treated,  and  gently  wanned,  gives  a  more  or  less  deep 
colour  or  a  decided  precipitate,  according  to  the  amount  of  phosphoric 
acid  present.  It  may  be  estimated  colorimetrically  by  a  known  solution 
of  sodic  phosphate,  but  this  with  no  great  accuracy.  To  make  a  gravi- 
metric estimation  of  phosphates,  save  in  polluted  waters,  may  require 
several  litres,  and  will  seldom  repay  the  trouble.  Hence  phosphates  may 
be  returned  in  a  qualitative  manner  its  '  traces,'  with  a  feeble  colour ; 
*  decided  evidence 1  with  a  darker  colour,  and  as  *  estimable  amount 1  if 
there  should  be  a  precipitate.  The  Analyst  Committee  have  adopted 
'traces?  4 heavy  traces?  and  'very  heavy  traces?  as  expressing  three 
-degrees  of  phosphate  contamination.  Such  phrases  are  convenient,  though 
somewhat  paradoxical,  and  the  authors  therefore  prefer  the  more  logical 
form  of  expression  given  above. 

4.  Estimation  of  Nitrates  and  Nitrites. — The  several  methods  in  use 
for  the  estimation  of  nitrates  and  nitrites  (see  also  ante,  p.  519)  may  be 
arranged  under  the  following  heads: — 

(1.)  Colorimetric  methods  of  estimation. 

(2.)  Estimation  of  nitrates  by  conversion  of  the  nitrate  into  ammonia. 
(3.)  Estimation  of  nitrates  by  decomposing  the  nitrate  into  nitric  oxide, 
and  measuring  the  gas. 

(4.)  Indirect  estimation  by  means  of  indigo. 

(5.)  Estimation  by  the  deficiency  of  hydrogen  evolved  from  the  action 
of  sulphuric  acid  on  iron  powder. 

(1.)  Colorimetric  Methods — (a.)  The  Brucine  Method.2 — 1  grm.  of 
brucine  is  dissolved  in  100  c.c.  of  alcohol;  10  c.c.  of  the  water  are 
•evaporated  to  dryness ;  and  from  0*5  to  2  c.c.  of  the  brucine  solution 
added  to  the  residue  and  six  drops  of  a  saturated  solution  of  oxalic  acid. 
The  colour  must  be  a  bright  red ;  if  it  be  brown,  an  insufficient  quantity 
•of  brucine  has  been  added ;  if  pink,  too  large  a  quantity  has  been  added. 
So  it  is  best  (in  waters  of  unknown  nitric  content)  to  put  three  or  four 
1  Compt.  Rend..,  xxxv.       2  See  a  paper  by  J.  West  Knight,  Aiialyti,  1881,  56-58. 
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separate  10  c.c.  in  porcelain  dishes  and  to  evaporate  them  down  with 
various  quantities  of  the  brucine  solution  (such  as  05  cc. ;  1*0  c.c;  1*5 
c.c.  ;  and  2  cc),  and  to  make  any  quantitative  determination  on  that 
which  has  the  proper  red  colour.  The  colour  is  imitated  by  a  standard 
test  made  by  evaporating  10  c.c.  of  a  solution  containing  72*1  mgrms.  of 
potas8ic  nitrate  per  100  c.c.  with  3  c.c.  of  brucine  solution  and  six  drops 
of  the  oxalic  acid  solution,  and  diluting  up  to  100.  This  test  solution 
is  diluted,  if  necessary.  The  original  water  treated  in  the  same  manner 
may,  after  evaporating  and  diluting,  require  filtration. 

G.  Lunge  and  A.  Lwoff1  do  not  evaporate  to  dryness,  but  apply  the  test 
to  the  water  direct ;  they  acidify  with  sulphurio  acid,  and  the  contents  are 
heated  to  between  70°  and  80°  C.  until  the  liquid  assumes  a  permanent 
greenish-yellow ;  then  this  colour  is  imitated  by  a  standard  solution.  They 
find  that  nitrites  do  not  interfere. 

(b.)  The  DipJienylamine  Method. — A  solution  of  diphenylamine  sulphate 
strongly  acidified  with  sulphuric  acid  strikes  a  blue  colour  with  nitrates* 
This  colour  cau  be  imitated  by  a  standard  solution  of  nitrate,  and  the 
nitrates  be  thus  estimated  on  colorimetric  principles. 

This  test  is  also  well  suited  for  quantitative  spectroscopy. 

Hans  Settegart 2  has  worked  out  the  absorption  factors  of  diphenylamine 
as  applied  to  small  quantities  of  nitrates.  Reducing  his  notation  to  wave- 
lengths, the  following  are  his  chief  results : — 


TABLE  LXIV. 


Absorption  Coefficients. 


Wave-lengths. 


616'6  to  543*2 
543*2  to  532 
532    to  521*6 
521*6  to  513-6 
513-6  to  5057 


0*120  to  0-600 
Light  Strength. 


•000002822 
•000003162 
•000003606 
•000003758 
•000004226 


OfiOO  to  0-780 
Light  Strength. 


•000002913 
•000003266 
•000003687 
•000003811 
•000004290 


The  values  are  correct  for  solutions  containing  nitric  acid  from  4*0  to 
0*1  per  10,000.  The  diphenylamine  must  be  in  0*1  per  cent,  solution,, 
and,  of  course,  the  sulphuric  acid  must  be  free  from  nitric  or  nitrous  acids. 

(c.)  The  Carhazol  Test — Samuel  C.  Hooker8  has  proposed  carbazol  as. 
a  test  for  nitrates ;  it  gives  a  green  colour  with  oxidising  agents.  The 
objections  to  its  use  are  that  chlorine  and  iron  have  to  be  first  removed, 
and  that  the  presence  of  much  organic  matter  makes  the  results  too  low. 
Assuming  that  the  water  has  been  freed  from  chlorine  by  silver  sulphate 
and  contains  no  iron,  then  two  c.c.  of  a  sulphuric  acid  solution  of  carbazol 
are  added,  and  the  resulting  green  colour  imitated  by  means  of  a  solution 
of  potassic  nitrate. 

(d.)  Phenol  and  Resorcinoh — D.  Lindo 4  has  experimented  with  phenol 
in  alcohol  as  well  as  with  resorcinol.    A  *0005  per  cent,  solution  of  N^O^ 

i  Zeit.  angew.  Chem.,  1894,  345-350. 

8  Beitrage  zur  quantitative!!  Spectral-analyse.  Annalcn  der  Phyrik.  u.  Chemie* 
Bd.  vii.,  1879. 

3  Analyst,  Sept.  1889.  4  Chem.  N*ws,  lviii.  1-8, 15-17,  28-29. 
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yields  a  faint  pink  band,  green  below,  with  a  10  per  cent,  solution  of  phenol 
in  weak  alcohol ;  if  0*5  c.c.  of  the  solution  be  mixed  with  a  single  drop  of 
the  test  in  a  test-tube,  and  then  2  c.c.  of  sulphuric  acid  run  down  the  tube 
so  as  to  form  bands  of  colour,  NgOj,  in  the  proportion  of  one  2,000th,  gives 
very  intense  green  and  red  bands. 

Phenol  is  also  a  good  test  for  nitrates  in  the  presence  of  free  hydro- 
chlorio  acid. 

Resorcinol,  in  5  per  cent,  solution,  is  a  good  test  for  nitrites,  so  small  a 
quautity  as  1  in  500,000  giving  (after  standing  four  hours)  a  pink  colour 
if  acidified  with  sulphuric  acid.  One  in  10,000  gives  a  pink  colour  at  once. 
Iodides,  bromides,  and  very  large  quantities  of  chlorides  interfere  with  these 
tests,  and  must  be  removed  by  silver  sulphate. 

Both  the  above  are  adapted  for  quantitative  colour  estimation. 

(2.)  Estimation  as  Ammonia. — A  convenient  method  of  obtaining  the 
nitrogen  of  nitrites  and  nitrates  in  the  form  of  ammonia  is  decidedly  by 
the  aid  of  the  '  copper-zinc  couple.'  The  results  are,  however,  of  no  value 
unless  all  the  processes  are  carried  out  with  extreme  care.  This  method 
was  first  proposed  by  Gladstone  and  Tribe,  and  afterwards  worked  out  in 
detail  by  M.  Whitley  Williams.1  It  appears  that  the  copper-zinc  couple 
decomposes  nitrates  first  into  nitrites,  and  then  the  nitrites  into  ammonia ; 
nitrites  are  present  to  the  last,  and  when  all  the  nitrites  have  disappeared, 
it  is  certain  the  conversion  into  ammonia  is  complete.  A  low  temperature, 
alkalies,  alkaline  earths  and  their  carbonates,  retard  the  reaction,  while 
carbon  dioxide,  mineral  acids,  oxalic,  phosphoric  and  generally  all  acids  and 
common  salt,  as  well  as  elevation  of  temperature,  increase  the  reaction.  In 
practice,  a  temperature  of  24°  C.  is  recommended  as  easily  attainable. 

Manufacture  of  tlie  Copper- Zinc  Couple. — Pieces  of  clean  zinc-foil,  about 
3  inches  by  2  inches,  are  immersed  in  a  3  per  cent,  solution  of  cupric 
sulphate ;  the  zinc  rapidly  becomes  coated  with  metallic  copper.  When  a 
sufficient  coating  is  obtained,  the  solution  is  poured  off,  and  the  couple  well 
washed  with  water,  finally  drained,  and  the  water  for  analysis  poured  on  to 
the  couple.  It  is  best  to  do  these  processes  in  one  and  the  same  stoppered 
bottle.  The  water  may  nearly  fill  the  bottle,  and  the  stopper  may  be 
inserted,  for  there  will  be  no  gas  evolved  uutil  the  nitrates  are  entirely 
decomposed.  The  water  thus  treated  is  put  in  a  warm  place,  and  if  the 
action  is  allowed  to  go  on  all  night,  the  ammonia  will  be  ready  for  estima- 
tion in  the  morning.  The  quantity  to  be  taken  for  the  estimation  of 
nitrates  according  to  this  plan  may  be  a  quarter  of  a  litre,  or,  if  English 
measures  are  used,  say  5  ounces.  To  very  hard  waters  the  addition  of  a 
little  oxalic  acid  is  recommended.  In  any  case  where  there  is  doubt  whether 
the  conversion  into  ammonia  is  complete,  one  of  the  tests  (page  519), 
should  be  used ;  and  if  there  is  evidence  of  nitrous  acid,  the  water  must  be 
left  for  a  longer  period.  If  the  water  possesses  colour  interfering  with, 
or  matters  precipitated  by,  Nessler's  reagent,  it  must  be  distilled  in  the 
ordinary  way,  and  the  ammonia  estimated  in  a  fractional  part  of  the 
much-diluted  distillate.  In  most  cases  this  is  unnecessary,  and  by  taking  a 
measured  quantity  of  the  water  and  diluting  it  considerably,  a  fairly  correct 
colorimetric  estimation  can  be  made  by  the  direct  addition  of  the  Nesslcr 
reagent  to  the  water  thus  diluted.  It  will  be  necessary  to  subtract 
from  the  amount  of  ammonia  found,  that  which  has  been  determined  to 
exist  in  the  water  as  ammonia.  The  ammonia  derived  from  nitrates  and 
nitrites  must  be  expressed  either  as  nitrogen  or  as  nitric  acid. 

1  Journal  of  Chemical  Society,  March,  1881. 
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The  Aluminium  Process. — The  metal  aluminium,  when  acted  on  by  a 
caustic  alkaline  solution,  decomposes  nitrates  into  ammonia.    A  solution  of 


Fio.  72. 

soda  of  about  10  per  cent,  is  prepared  perfectly  free  from  nitrates,  by  dis- 
solving bit  by  bit  metallic  sodium  in  water.  Any  convenient  quantity 
(such,  e.g.,  as  100  c.c,  or  2,000  grains)  of  the  water  is  placed  in  a  suitable 
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retort,  which  is  fitted  in  an  air-tight  manner  to  a  condenser,  terminating  in 
a  flask  as  in  the  arrangement  figured  at  page  387.  An  equal  quantity 
of  the  soda  solution  is  added,  and  the  whole  boiled  until  free  from  ammonia  ; 
the  retort  is  cooled,  and  the  aluminium-foil  dropped  into  the  liquid ;  the 
whole  is  left  over-night,  and  in  the  morning  heat  is  applied  to  the  retort, 
and  the  ammonia  distilled  over,  and  estimated  in  the  usual  way. 

Ulsch's  Method  of  Estimation  of  Nitric  Acid  by  R&iuction  to  Ammonia.1 
— Half  a  litre  of  the  water  is  concentrated  down  to  15  c.c;  this  is  trans- 
ferred to  a  flask  of  about  300  c.c.  capacity,  5  grms.  of  reduced  iron  (Ferrum 
redactum)  added,  and  10  c.c.  of  diluted  sulphuric  acid,  specific  gravity  T35. 
The  liquid  is  heated  to  gentle  boiling  for  some  five  or  ten  minutes,  diluted  with 
100  c.c.  of  distilled  water,  alkalised  by  from  20  to  25  c.c.  of  soda  lye  (specific 
gravity  1*35),  and  distilled  into  25  to  30  c.c.  of  d.  n.  acid ;  the  difference 
in  the  titre  of  the  d.  n.  acid,  before  and  after  the  distillation,  gives  the  data 
for  measuring  the  nitric  acid  converted  into  ammonia.  A  correction  by 
blank  experiments  should  be  made  for  impurities  in  the  reagents. 

Example. — Half  a  litre  of  water  was  treated  in  the  way  described  ;  and  distilled, 
after  being  made  alkaline,  into  30  c.c.  of  d.  n.  acid ;  at  the  end  of  the  oneration,  the 
acid  used,  instead  of  30,  14  c.c.  of  d.  n.  soda,  14-30  =  16,  which  16  of  a.  n.  soda  is 
exactly  equivalent  to  16  c.c.  of  d.  n.  sulphuric  acid  which  have  been  neutralised  by 
ammonia.  Since  1  c.c.  of  d.  n.  acid  is  equal  to  5*4  mgrras.  of  nitric  anhydride  (N203) ;. 
16  x  5*4  =  86 '4  mgrma.  ;  hence  the  litre  contained  twice  that  amount,  or  172 '8  mgrras. 
[12 '1  grains  per  gallon]. 

(3.)  Estimation  of  Nitrates  and  Nitrites  as  Nitric  Oxide — Crum  Process. 
— Strong  sulphuric  acid  acting  on  nitrates  or  nitrites  in  the  presence  of 
mercury,  decomposes  the  nitrates  or  nitrites,  and  the  whole  of  the  nitrogen 
is  evolved  in  the  form  of  nitric  oxide. 

Half  a  litre  of  the  water  is  evanorated  to  dryness,  the  nitrates  extracted  by  hot  water, 
the  hot- water  extract  evaporated  down  to  1  c.c,  and  the  liquid  transferred  to  the  decom- 
position tube,  which  is  a  short  tube  about  3  inches  long,  constricted  at  one  end,  and 
furnished  with  a  cup  and  stopcock ;  open  at  the  other,  and  having  a  bore  easily  closed 
with  the  thumb. 

This  tube  is  tilled  with  mercury,  inverted,  and  clum{>ed  in  a  mercury  trough  with 
the  cup  uppermost ;  it  is  now  easy  to  transfer  the  solution  of  nitrates  by  pouring  the 
solution  into  the  cup,  and  cautiously  opening  the  stopcock.  The  vessel  in  which  the 
filtrate  has  been  concentrated  is  then  rinsed  into  the  cup  with  pure  strong  sulphuric  acid, 
and  ultimately  one  and  a  half  times  the  volume  of  the  concentrated  nitrate  solution  of 
strong  sulphuric  acid  is  worked  into  the  tube  by  carefully  opening  the  stopcock.  No  air 
must  be  allowed  to  gain  admittance.  Should  gas  be  immediately  evolved,  it  is  carbonic 
dioxide,  and  must  be  got  rid  of,  for  nitric  oxide  is  not  at  once  evolved.  On  the  mixture  of 
sulphuric  acid  and  nitrate  having  been  transferred  into  the  tube,  the  lower  end  is  closed 
by  the  thumb,  and  the  tube  shaken  so  as  to  mix  up  the  acid  and  the  mercury,  when  the 
gas  in  a  short  time  begins  to  come  off,  and  considerable  pressure  may  have  to  be  exerted. 

When  the  reaction  is  complete,  the  contents  are  transferred  to  any  gas  apparatus  and 
measured,  or  as  the  tube  itself  is  now  graduated,  the  simplest  method  is  to  plunge  the 
tube  into  a  vessel  of  distilled  water,  cool  it  to  the  temperature  of  the  water,  adjust  it  so 
that  the  level  of  the  water  inside  and  outside  the  tube  is  the  same,  and  measure  it  direct. 
The  small  absorption  of  the  nitric  oxide  by  water  requires  no  correction.  Of  course,  the 
value  of  the  divisions  on  the  tube  must  be  ascertained  with  accuracy. 

Every  two  volumes  of  nitric  oxide  equals  one  volume  of  nitrogen.  The  weight  of  the 
nitrogen  is  obtained  from  Table  LXIX. 

(4.)  Schulze-Tiemann  Method. — The  method  is  based  on  the  fact  that  a 
strong  solution  of  ferrous  chloride  in  the  presence  of  hydrochloric  acid 
liberates  nitric  oxide.    The  reaction  is  not  interfered  with  by  the  presence 

1  Zeit.  /.  analyt.  CTienu'e,  xxx.  175 ;  xxxi.  3  2.  Tiemann-Gartner's  Handbuch. 
Braunschweig,  1895. 
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of  organic  matter.  The  apparatus  hitherto  used  has  neither  been  con- 
venient  nor  capable  of  giving  results  of  the  highest  accuracy,  but  by 
adopting  the  improvements  suggested  by  one  of  the  authors,  the  process  is 
now  one  of  the  best  for  the  estimation  of  nitrates. 

A  quarter  of  a  litre  of  ordinary  water  is  evaporated  nearly  to  dryness, 
the  insoluble  carbonates  filtered  off,  and  the  residue  washed  with  hot  water. 
The  nitrate  and  washings  now  contain  all  the  nitrates  and  nitrites  originally 
present  in  the  water  in  a  fairly  concentrated  form.  This  liquid  is  transferred 
to  a  tubulated  flask  (see  fig.  72),  closed  by  a  perforated  caoutchouc  stopper, 
carrying  a  thistle  head  funnel,  the  tubule  being  connected  with  a  long 
delivery  tube  partly  of  glass  and  partly  of  thick  walled  rubber.  The  glass 
tube  is  carried  up  well  above  the  barometric  height  to  which  mercury 
ascends  and  thus  makes  an  efficient  valve.  The  tube  delivers  any  gas  into 
a  pneumatic  trough,  and  from  thence  into  a  suitable  measuring  apparatus. 

The  liquid  is  first  just  acidified  with  hydrochloric  acid  and  boiled  to 
concentrate  it  still  farther  and  to  get  rid  of  any  carbonates,  the  steam 
being  allowed  to  escape  into  the  air ;  after  boiling  a  little  time  the  nozzle 
of  the  delivery  tube  is  inserted  under  the  tube  previously  filled  with 
mercury  and  the  boiling  continued  until  air  or  gas  ceases  to  be  evolved. 
It  is  best  to  take  away  the  flame  for  a  minute  or  so  and  thus  allow  con- 
densation and  the  creation  of  a  vacuum  in  the  flask  ;  on  now  applying  heat 
any  trace  of  air  or  carbon  dioxide  remaining  is  effectually  got  rid  of. 
When  this  is  the  case  a  hot  acid  solution  of  ferrous  chloride  (made  by  dis- 
solving 15  grms.  of  ferrous  chloride  in  100  c.c.  of  hydrochloric  acid)  is 
added  through  the  funnel,  care  being  taken  to  allow  no  bubbles  of  air  to 
•enter  the  flask. 

The  boiling  is  now  continued.  Should  gas  be  at  once  evolved,  it  is  not 
nitric  oxide  derived  from  nitrates,  but  from  nitrites,  and  when  this  first 
•evolution  of  gas  has  ceased,  the  gas  should  be  transferred  to  the  measuring- 
tube  c,  for  the  purpose  of  estimation ;  by  lowering  the  pressure  tube  d, 
.and  opening  the  two-way  stopcock  so  as  to  allow  a  communication  between 
h  and  r,  the  gas  can  be  drawn  over  without  the  water,  which  has  condensed 
from  the  steam  and  has  collected  at  the  top  of  b.  The  nitric  oxide  is  not 
•evolved  from  nitrates  until  the  solution  is  quite  concentrated.  The  last 
trace  of  the  gas  is  obtained  by  allowing  the  flask  to  cool  for  a  few  minutes, 
thus  producing  a  strong  vacuum.  On  reboiling,  the  gas  is  obtained 
without  difficulty,  and,  ultimately,  the  steam  issuing  from  the  flask  makes 
the  peculiar  metallic  click  which  is  a  sign  of  freedom  from  gas. 

The  measurement  of  the  gas  is  made  in  the  usual  way.  After 
•correction  to  normal  temperature  and  pressure,  4*1  c.c.  of  NO  gas  equals 
10  mgrms.  of  nitric  anhydride,  N2Ov 

(5.)  Indigo  Process. — This  process  is  based  on  the  decolorisation  of 
indigo  when  nitrates  or  nitrites  are  decomposed  by  strong  sulphuric  acid. 

When  certain  kinds  of  organic  matter  are  present,  the  results  are 
•entirely  without  value.  On  the  other  hand,  with  careful  working  the  test 
is  correct  with  the  great  majority  of  waters,  and  as  a  means  of  rapidly 
determining  the  nitrates  in  unknown  samples,  with  a  view  to  their  deter- 
mination by  other  more  exact  processes,  it  is  very  useful.  Four  mgrms.  of 
«ublinied  indigotin  are  digested  for  some  hours  with  five  times  their  weight 
of  Nordhausen  oil  of  vitriol ;  the  liquid  is  diluted  with  water,  filtered,  and 
brought  to  the  volume  of  2  litres.1    A  normal  nitre  solution  is  made  by 

1  See  Warington's  excellent  paper,  Joum.  Chemical  Society,  Sept.  1879,  p.  579  ; 
Also,  Frankland's  Water  Analysis,  p.  31. 
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dissolving  1011  grm.  of  pure  potassic  nitrate  in  1  litre  of  water.  From 
this  solution,  solutions  of  },  J,  BV,  and  ^  normal  are  prepared.  An 
assay  is  now  made  by  mixing,  say  20  c.c.  of  the  nitre  solution*  with  any 
amount  of  the  indigo  solution  deemed  sufficient,  in  a  wide-mouthed  flask 
of  150  c.c.  capacity.  Oil  of  vitriol  is  run  into  a  test-tube,  the  volume 
being  equal  to  the  united  volumes  of  the  indigo  and  nitre.  The  contents 
of  the  test-tube  are  then  suddenly  tipped  into  the  flask,  and  the  flask 
transferred  to  a  chloride  of  calcium  bath  maintained  at  140°  C  If  the 
solution  of  indigo  is  insufficient,  the  liquid  will  be  suddenly  decolorised ; 
if  it  is  too  much,  no  bleaching  will  take  place,  the  liquid  still  retaining  its 
blue  colour.  In  either  case  a  fresh  determination  will  be  requisite,  and  by 
doubling  or  halving  the  amount  of  indigo  for  the  next  experiment,  as  the 
case  may  be,  the  operator  will  soon  find  the  limits,  and  five  or  six  experi- 
ments will  standardise  the  solution.  In  every  instance  a  quantity  of 
sulphuric  acid,  equal  to  the  united  volumes  of  indigo  and  water,  must  be 
used ;  the  indigo  solution  should  be  diluted  so  as  to  be  about  equal  to  the 
nitre  solution.  As  it  is  found  that  the  quantity  of  indigo  consumed  is  not 
precisely  in  proportion  to  the  nitric  acid  present,  but  diminishes  as  the 
nitrate  solution  becomes  more  dilute,  the  further  standardising  of  the 
indigo  solution  by  the  more  dilute  solutions  of  nitre  already  alluded  to  is 
necessary.  The  results  may  be  thrown  into  a  table  as  follows.  (See 
Table  LXV.). 


TABLE  LXV.—  Value  of  Indigo,  in  Nitrogen,  for  Different 
Strengths  of  Nitre  Solution. 


Strength  of 
Nitre  Solution 
Used. 

Indigo 
required. 

Difference 
between 
Amount* 
of  Indigo. 

Nitrogen 
Corresponding 
to  1  c.c.  of 
Indigo. 

Difference 
between  the 
Nitrogen 
Values. 

Difference  in 
the  Nitrogen 
Values  for  a 
Difference  of  1 
c.c.  in  the 
Amount  of 
Indigo. 

&  normal,  . 

A  » 

&  » 
•ft  >> 

c.c. 
10-00 
871 
7  43 
6-14 
4*86 
3  57 
2*29 
1*00 

c.c. 

1-29 
T28 
1-29 
1-28 
1-29 
T28 
1*29 

•000035000 
000035161 
•000035330 
•000036627 
•000036008 
•000036764 
•000038209 
•000043750 

-000000161 
•000000169 
•000000298 
•000000381 
•000000756 
•000001445 
•000005641 

•000000125 
•000000132 
•000000231 
•000000298 
•000000586 
•000001129 
•000004295 

The  method  of  using  the  table  is  sufficiently  obvious  to  those  who  are 
accustomed  to  calculations  of  the  kind ;  supposing,  for  example,  20  c.c.  of 
the  water  used  up  6*64  c.c.  of  the  indigo ;  this  is  *5  c.c.  above  the  nearest 
number  in  the  table,  viz.,  6*14.  Now,  taking  the  extreme  right-hand 
column,  the  difference  for  the  nitrogen  values  of  1  c.c.  will  be  found ;  and 
as  there  is  in  this  case  a  difference  of  only  half  that  quantity,  halving  the 
number  gives  us  -000000115 ;  this  number  has  to  be  subtracted  from  the 
unit  value  of  nitrogen  found  in  the  first  column,  thus : — 

•000035627  -  -000000115=  000035512, 

which  is  the  nitrogen-value  of  each  c.c.  of  the  indigo.  Hence,  as  we  have 
supposed  that  20  c.c.  of  the  water  decolorised  6*64  c.c.  of  indigo,  the 

14 
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nitrogen  as  nitric  acid  in  parts  per  100,000  is  1*179,  or  in  grains  per  gallon 
82  grain.  If  the  indigo  estimation  of  nitric  acid  is  only  a  preliminary 
step  to  a  further  and  more  exact  determination  of  the  Crum  method,  these 
refinements  are  not  necessary.  The  indigo  solution  is  standardised  once 
for  all  by  the  normal  solution  of  nitre,  and  if  the  nitrates  are  either  very 
large  or  very  small,  an  allowance  is  made. 

(6.)  Ulsch'a  Method  of  Estimating  Nitric  Acid  by  Measuring  the 
Deficiency  of  Hydrogen  evoked  on  Redaction. — One  of  Ulsch's  methods  has 
been  already  detailed.  This  method  is  in  its  principle  an  indirect  one,  for 
what  is  measured  is  not  the  ammonia  produced,  but  the  deficiency  in  the 
evolution  of  hydrogen. 

A  quarter  of  a  litre  of  water  is  evaporated  down  to  15  c.c.  and,  while 
stiii  hot,  filtered.  The  filter  is  washed  with  a  little  boiling  water  into  a 
small  measuring  flask,  the  size  depending  on  the  amount  of  nitrate  present, 
which  can  be  approximately  ascertained  by  a  brucine  or  other  colour  test ; 
50  c.c.  is  the  capacity  for  most  waters — viz.,  those  containing  under  150 
mgrms.  of  N205  per  litre ;  larger  flasks  are  used  for  larger  quantities.  The 
collective  fluid  with  washings  should  not  be  more,  for  a  50  c.c.  flask,  than 
40  c.c.  The  flask  is  cooled  to  the  temperature  of  the  room,  and  sufficient 
normal  sulphuric  acid  added  to  make  the  contents  equal  to  \  normal  when 
water  is  added  to  fill  the  flask  to  the  mark  on  the  neck.  This  fluid  is  the 
'testing  fluid,'  of  which  10  c.c.  are  taken  for  the  estimation  of  nitric  acid. 
In  a  thin  walled  flask,  a  (fig.  73)  the  bulb  of  which  is  equal  to  about  30 
c.c,  3  grms.  of  iron  powder  (Ferrum  ptdveratum)  are  placed  by  means  of 
a  dry  funnel.  The  flask  is  closed  by  a  caoutchouc  stopper  containing 
three  holes ;  one  of  which  carries  the  twice  bent  3  mm.  wide  tube,  b,  the 
one  end  of  which  goes  almost  to  the  bottom  of  the  flask,  the  other  end  is 
connected  by  means  of  a  bit  of  rubber  tubing  to  a  short  piece  of  glass 
tubing — the  rubber  is  supplied  with  a  screw  clip.  The  middle  hole  of  the 
caoutchouc  stopper  carries  the  funnel,  c,  which  is  provided  with  a  stop- 
cock; the  end  of  the  stem  of  the  funnel  is  bent  slightly,  so  that  fluids 
will  run  down  the  neck  of  the  flask.  The  third  hole  carries  a  right-angled 
tube,  connected  by  narrow  rubber  tubing,  to  the  gas-measuring  apparatus. 
This  consists  of  a  burette,  /,  divided  into  tenths  of  a  c.c.,  the  upper  end  of 
which  is  provided  by  a  H-tube,  e,  and  the  lower  end  connected  by  rubber 
tubing  to  the  spherical  funnel,  g. 

The  first  operation  is  to  fill  the  whole  system  with  hydrogen,  water  is 
poured  into  g,  the  stopcock  at  e  opened,  and  the  funnel  raised  until  the 
whole  of  /  is  filled  up  to  the  stopcock.    Into  the  funnel,  c,  are  poured  12 
c.c.  of  dilute  sulphuric  acid  (33  c.c.  strong  sulphuric  acid  to  a  litre  of 
water)  and  some  10  c.c.  of  it  allowed  to  flow  on  to  the  iron,  by  opening  the 
stopcock ;  an  evolution  of  gas  commences,  and  in  about  two  minutes 
ceases.    Before  it  actually  ceases  the  stopcock,  e,  is  closed,  and  the  clip  at 
b.    The  funnel,  g,  is  lowered  as  much  as  possible.    Now  the  rest  of  the 
acid  is  allowed  to  flow  into  the  flask,  and  the  funnel  washed  twice  with  a 
2  per  cent,  copper  solution,  which  is  also  allowed  to  flow  into  the  flask, 
care  being  taken  uot  to  allow  the  admittance  of  air.    The  flask  is  now 
warmed  in  a  beaker  of  water  at  60°  C.  for  two  minutes  without  shaking ; 
then  the  flask  is  shaken  without  interruption  for  another  two  minutes ; 
after  which  the  flask  is  cooled  as  quickly  as  possible  to  the  temperature  of 
the  air  of  the  room.    The  funnel,  g>  is  now  raised,  and  the  clip  on  b 
cautiously  opened.    The  fluid  contents  of  the  flask,  a,  are  under  the 
pressure  of  the  hydrogen  forced  through  b,  and  may  be  received  in  a  beaker. 
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If  the  twice  right-angled  tube,  b,  is  properly  adjusted,  none  of  the  iron 
will  escape ;  the  clip  is  closed  while  there  is  still  a  small  column  of  liquid 
in  the  tube.  After  thus  emptying  the  flask,  its  temperature  is  adjusted  to 
that  of  the  air,  and  the  excess  of  gas  is  got  rid  of  by  carefully  opening  the 
stopcock  at  e ;  while  the  water  level  of  /  and  g  is  adjusted  to  the  zero  point 
of  the  burette,  /. 

The  apparatus  is  now  ready  for  the  purpose  of  ascertaining  once  for 
all  how  much  hydrogen  is  developed  by  10  c.c.  of  \  normal  sulphuric  acid 
acting  on  the  iron  in  the  absence  of  nitric  acid. 


Fio.  73. 


From  a  burette  exactly  10  cc.  of  the  acid  are  allowed  to  flow  into)  the 
funnel  attached  to  the  small  flask,  a,  while  g  is  lowered  to  the  level  of  the 
table;  then  the  acid  is  allowed  to  flow  slowly  into  the  flask.  From  a 
second  burette  10  c.c.  of  2  per  cent,  copper  sulphate  are  added  to  the 
funnel  and  transferred  to  the  flask,  always  avoiding  entrance  of  air.  The 
flask  is  warmed  to  60°  C,  shaken,  and  finally  cooled  exactly  as  detailed 
previously.  The  amount  of  gas,  on  adjusting  the  water  level  of  g  to  the 
water  level  of  /,  is  read,  the  temperature  of  the  water  in  g  being  taken, 
and  also  the  height  of  the  barometer,  and  the  volume  of  gas  reduced -to 
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normal  temperature  and  pressure — always  subtracting  20  c.c  from  the 
known  volume  of  the  flask,  that  being  occupied  by  the  20  c.c.  of  liquid. 
The  flask  may  now  be  emptied  as  before,  and  a  second  or  third  detennina 
tion  made,  the  mean  being  taken  as  the  standard. 

To  estimate  nitric  acid  the  process  is  precisely  the  same,  save  that  10 
c.c.  of  the  testing  fluid  are  taken  instead  of  10  c.c.  of  |  normal  acid.  In 
the  presence  of  nitrates  there  will  be  a  deficiency  in  hydrogen,  from  which 
the  nitric  acid  can  be  calculated — the  following  reactions  taking  place  : — 

2KN03  +  H.304  -  lvS04  +  2N03H 
2NO,H  +  8H2     -  2NH3  +  6HaO 
2NH3    +  -  (NH^O, 

or  8  molecules  of  hydrogen  are  required  for  the  reduction  of  one  molecule 
of  nitric  acid,  besides  which,  for  the  decomposition  of  an  equal  molecule  of 
nitric  acid  from  its  combination  with  a  base,  and  the  combination  of  the 
ammonia  formed  with  a  farther  molecule  of  sulphuric  acid,  2  molecules  of 
hydrogen  are  required.  A  molecule  of  saltpetre  then  will  in  respect  of  a 
normal  hydrogen  volume  show  a  deficit  of  10  molecules  of  hydrogen.  A 
deficit  of  1  c.c.  of  hydrogen  will,  therefore,  be  equal  to  0*90416  mgrm. 
KNO3  or  0-4834  mgrm.  nitric  anhydride  (N206). 
An  example  of  this  method  may  here  be  given. 

60  cc.  of  test  fluid  derived  from  a  quarter  of  a  litre  of  spring  water  were  prepared 
according  to  the  method  described  in  the  test  10  cc.  of  the  latter  yielded  as  s  mean 
of  three  estimations  (subtracting  the  20  cc  of  fluid  in  the  flask)  20*2  cc.  of  hydrogen, 
the  barometer  being  741  mm.  (temp.  18° '5),  and  the  corresponding  tension  15*9  mm. 
This,  reduced  as  follows : — 

,  "  2.°loP!o"  R\61)  A  -  18-05  cc.  of  hydrogen. 
(1 +0*0030  x  18*5)  x  760  J  6 

The  normal  hydrogen  volume  in  the  absence  of  a  nitrate  was  21  *62  c  c  ;  the  hydrogen 
deficit  is,  therefore,  21*62  -  18*05  -  3*57  cc. 

3*57  x  0*4833  =  1*725  mgrm.  of  nitric  acid  in  60  c.c.  of  water;  therefore  (a  litre) 
contains 

1725*1000  _34-Smgmla.(NA). 

The  process  is  made  inaccurate  by  the  presence  of  iron  or  carbonates.  The  carbonates 
of  the  earths  as  well  as  any  iron  are,  however,  by  evaporating  to  a  small  volume  as 
described,  fully  separated.  Should  alkaline  carbonates  be  present  a  little  gypsum  must 
be  added  to  the  water  before  evaporation. 

Small  quantities  of  nitrites  introduce  no  material  error ;  in  the  presence  of  much 
nitrite  advantage  is  taken  of  the  fact  that  the  iron  copper  couple  reduces  nitrites  in  the 
cold.  The  test  fluid  is,  therefore,  freed  from  nitrites  by  digesting  the  test  fluid  with 
copper  solution  and  iron  in  the  cold.  A  correction  may  also  be  made  by  estimating  the 
nitrites  by  one  of  the  colour  tests  for  nitrites  already  described.1 

(7.)  Estimation  of  tlie  Dissolved  Oxygen  in  Water. — The  amount  of  air 
dissolved  in  water  is  dependent  on  temperature  and  pressure,  the  amount 
of  oxygen  in  the  air  of  pure  water  having  a  mean  value  of  34*91  per  cent. 
The  following  table  gives  the  absorption  coefficient  of  air  in  water ;  and 
also  the  amount  in  c.c.  of  oxygen  that  a  litre  of  water  will  dissolve.  The 
oxygen,  in  what  may  be  called  the  water  atmosphere,  is  diminished  by  the 

1  Nitrites  may  also  be  estimated  by  Piccini's  method,  which  depends  upon  the  fact 
that  if  a  solution  of  nitrite  is  treated  with  urea,  and  thoroughly  aeidified  with  sulphuric 
acid  and  gently  heated,  all  the  nitrogen  of  the  nitrite  is  evolved  as  gas.  The  acidifica- 
tion must  take  place  in  a  vacuum,  or,  at  all  events,  atmospheric  air  must  be  excluded, 
otherwise  the  reaction  is  not  quantitative,  some  of  the  nitrite  passing  into  nitrate. 
Nitrites  may  be  also  estimated  by  titration  with  potassic  permanganate. 
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activity  of  micro-organisms;  hence  its  determination  is  valuable.  It  is 
especially  useful  in  the  investigation  of  the  polluted  water  of  a  river,  par- 
ticularly if  determinations  of  oxygen  are  made  on  the  spot.  On  the  other 
hand,  water  sent  from  a  distance  to  an  analyst*  and  probably  one  or  two 
days  on  the  road,  cannot  have  its  dissolved  oxygen  directly  determined 
with  advantage.  The  senior  writer,  in  such  a  case,  proceeds  as  follows  : — 
Half  a  litre  of  the  water  is  shaken  up  in  a  large  Winchester  quart  until 
saturated  with  air ;  the  dissolved  oxygen  is  determined  in  half  of  this — 
that  is,  \  of  a  litre  ;  the  other  \  of  the  litre  is  put  on  one  side,  a  layer  of 
xylene  having  been  poured  on  the  surface  of  the  water  to  exclude  air,  and 
again  titrated  for  oxygen  at  the  end  of  forty-eight  hours ;  the  difference 
will  have  a  direct  relation  to  the  organic  matter  and  micro-organisms  in 
the  water.  This  method  may  be  called  "  the  differential  method  of  estima- 
ting oxygen  in  water." 


TABLE  LXVI.  —  Showing  the  Absorption  Coefficient  of  Air  Dissolved  in 
Water  and  the  aa's  of  Oxygen  which  may  be  Obtained  from  1  Litre 
of  Water  (after  Bitnsen).1 


Temp.  C*. 


Absorption  Coefficient  of 
Air  dissolved  In  Water 
(c.c.  of  Air  diMolred  in 
1  c.c.  of  Water). 


The  Number  of  c.c.  of 
Oxygen  which  1  Litre  of 
Water  will  dissolve. 


0 

0  02471 

8*63 

1 

0*02406 

8*34 

2 

0*02345 

8*19 

3 

0*02287 

7  98 

4 

0*02237 

7-80 

5 

0-02179 

7-60 

6 

0*02128 

7  43 

7 

0*02080 

7  26 

8 

0*02034 

7*10 

9 

0-01992 

6  95 

10 

0*01953 

6*81 

11 

001916 

6*69 

12 

0-01882 

6*57 

13 

0*01851 

646 

14 

0-01822 

6  36 

15 

0*01795 

6*26 

16 

0-01771 

6-18 

17 

0*01750 

6*11 

18 

0-01732 

6*05 

19 

0-01717 

5-99 

20 

0*01704 

5-95 

Prensse  and  Tiemann  have  arranged  a  convenient  apparatus,  by  means 
of  which  the  dissolved  air  is  boiled  out  of  water  into  soda  lye,  which  has 
ljeen  completely  deprived  of  its  gases  by  boiling.  The  oxygen  in  the  collected 
gas  is  determined  either  by  exploding  with  hydrogen  or  by  absorbing  it 
with  alkaline  pyrogallate. 

Schutzenberger  and  Risler  cause  the  dissolved  oxygen  to  act  on  sodium 

1  Giisometrische  Methoden,  2nd  Edit,  p.  387.  Winkler  haa  also  published  values  for 
the  amount  of  oxygen  dissolved  in  water  ;  his  numbers  closelv  corresjiond  to  those  of 
Bunsen's  for  temperatures  16°  to  20°  C,  but  arc  more  than  1  c.c.  higher  for  lower  tempera- 
tures. 
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indigo-white-disulphonate  in  excess,  and  change  a  portion  into  sodium 
indigo-blue-disulphonate,  thus — 

CwHwNAtSOjNak  +  02 = C^H^NjO^SOaNa^ + HgO. 

The  salt  is  changed  back  again  by  a  titrated  solution  of  sodium  hydro- 
sulphite,  according  to  the  equation — 

CuHgNAfSOsNa).,  +  EL, = Cn^fiJftOJX^ 

the  end  of  the  reaction  being  sharply  indicated  by  the  change  of  colour 
from  blue  to  yellow. 

Both  the  above  processes  and  their  various  modifications  demand  more 
or  less  complicated  apparatus,  and  are  not  adapted  for  estimations  on  the 
bank 8  of  streams  or  anywhere  else,  save  in  a  laboratory  ;  the  writers,  there- 
fore, prefer  a  modification  of  Winkler's  method ;  it  has  great  accuracy,  and 
may  be  performed  almost  anywhere. 

The  essential  fact  on  which  Winkler's  method  is  based  is  that  manganese 
hydrate  absorbs  oxygen ;  a  third  hydroxyl  being  added  in  the  presence  of 
oxygen  and  water  to  the  two  hydroxyls  in  manganese  hydrate — that  is  to 
say,  Mn(OH)2  become  Mn(OH)8.  This  last  hydrate,  by  excess  of  HC1,  is 
transformed  into  manganese  trichloride,  two  molecules  of  which  react  with 
two  molecules  of  potassium  iodide,  setting  free  two  atoms  of  iodine;  so 
that  for  every  1 6  parts  of  oxygen  254  parts  of  iodine  are  set  free ;  the 
iodine  set  free  is,  therefore,  titrated  and  converted  by  calculation  into 
oxygen.  The  equations  setting  forth  the  general  reactions  are  as 
follows : — 

2MnCL     +  4NaHO    =  4NaCl    +  2Mn(OH)a 
2Mn(OH)2  +  0  +  Ha0  =  2Mn(OH)3 
2Mn(OH)3  +  6HC1       =  2MnCl3  +  6H20 
2MnCi3      +  2KI         =  2MnCl2  +  2KC1  +  21 

The  following  solutions  are  required  : — 

(1.)  10  grms.  potassium  iodide  dissolved  in  100  grms.  of  33  per  cent. 

pure  soda  solution. 
(2.)  Solution  of  80  per  cent,  manganous  chloride  (free  from  iron).1 
(3.)  Hydrochloric  acid  (specific  gravity  1*16  to  1 '18). 
(4.)  Starch  solution. 

(5.)  Solution  of  thiosulphate — the  iodine  value  of  which  is  known ;  each 
c.c.  should  be  equivalent  to  a  centinormal  iodine  solution — that 
is  to  say,  0*000127  L 

The  temperature  of  the  water  and  the  height  of  the  barometer  being 
first  ascertained,  250  c.c.  of  the  water  are  covered  with  xylene  to  the  depth  of 
an  inch,  and  1  c.c.  of  the  alkaline  iodide  solution  is  allowed  to  flow  in 
through  a  pipette,  the  end  of  the  pipette  being  held  below  the  xylene ;  next 
1  c.c.  of  the  manganous  chloride  solution  is  allowed  to  flow  in.  The 
mixture  is  stirred  with  a  glass  rod  until  the  contents  are  completely  mixed 
and  the  flask  put  on  one  side  for  a  little  time.  Then  3  to  5  c.c.  of  hydro- 
chloric acid  are  added  ;  the  precipitate  dissolves,  and  the  iodine  is  set  free ; 
this  is  titrated  by  the  thiosulphate,  using  as  an  indicator  starch.  If  the 
thiosulphate  is  equal  to  centinormal  iodine  solution,  each  c.c.  equals 
0-0000798  grm.  oxygen,  or  0*0558325  c.c.  oxygen ;  if  the  c.cs.  of  water 

1  The  solution  may  be  freed  from  iron  by  boiling  and  precipitating  with  soda ;  the 
"titrate  is  acidified  with  HC1,  evaporated  to  a  syrv^  «\d  t\v«w  Q,T^tAll\a<*L 
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used  =  V,  the  c.c.  of  thiosulphate  =  w,  then  the  content  of  oxygen  in  a 
litre  of  water  is  obtained  by  the  following  calculation  : — 

0-055825  n  x  1000 
V 

The  number  thus  obtained  must,  of  course,  be  reduced  to  standard 
pressure  and  temperature.  A  reference  to  the  table  on  p.  533  will  show 
whether  (at  the  temperature  of  the  experiment)  the  water  is  below  the 
standard  or  not. 

A  correction  is  usually  necessary  for  most  waters,  especially  those  that 
contain  nitrates,  organic  matter,  and  other  impurities.  For  this  purpose 
1  c.c.  of  the  manganous  chloride  solution  is  mixed  with  half  a  litre  of 
distilled  water,  alkalised  with  1  c.c.  of  a  33  per  cent,  solution,  shaken,  and 
the  brown  precipitate  collected  on  a  small  filter.  The  precipitate  is  dis- 
solved in  hydrochloric  acid,  and  the  solution  diluted  to  half  a  litre.  Two 
separate  portions  (each  100  c.c.)  of  this  solution  are  taken,  and  mixed, 
the  one  with  100  c.c.  of  distilled  water,  the  other  with  the  water  to  be 
tested.  After  a  few  minutes,  a  few  crystals  of  potassium  iodide  are  added 
to  both  mixtures,  and  the  iodine  separated  from  each  estimated  by  titration. 
The  difference  of  the  values  equals  the  amount  to  be  added.  In  waters 
of  this  kind  the  titration  of  oxygen  is  best  done  by  adding  the  man- 
ganese chloride  solution  and  simply  33  per  cent,  soda  lye,  the  potassium 
iodide  being  finally  added  in  crystals ;  the  following  is  an  example  : — 

250  c.c.  of  the  water  of  the  river  Exe  just  below  Exeter,  at  15°  C.  and  760  mm., 
treated  in  the  method  stated,  set  free  iodine  equal  to  12  c.c  of  centi normal  thiosulphate. 

The  correction  was  obtained  by  mixing  100  c.c.  of  the  manganous  dichloride  solution 
with  100  c.c.  of  distilled  water,  and  by  treating  100  c.c.  of  the  river  water  in  the  same 
way,  adding  to  each  iwtasHium  iodide,  and  titrating  the  iodine  set  free.  The  distilled 
water  gave  7  c.c,  tne  river  water  4  c.c  ;  the  difference  is,  therefore,  3  cc.  Hence, 
the  content  of  oxygen  at  15°  C.  of  a  litre  of  Exe  water  is 

(12  +  3)  x  0-055825  x  1000_3.35  g  Q 
250  " 

For  most  practical  purposes  it  is  not  necessary  to  reduce  the  cc.  of  oxygen  thus 
found  to  normal  temiwrature  and  pressure  ;  hence,  in  such  a  case  as  the  above,  it  would 
suffice  to  report  that  the  water  contained  3 "35  c.c.  oxygen  at  15°  C,  or  about  half  the 
normal  quantity. 

Rideal  and  Stewart1  have  recently  proj>osed  to  destroy  nitrites  and  organic  matter 
by  adding  enough      acid  permanganate  to  the  water  to  give  a  faint  pink  colour  after 

standing  10  minutes.  *1  cc  more  than  the  right  amount  of  permanganate  ascertained 
by  experiment  is  introduced  into  the  bottle  together  with  1  cc  of  strong  HgS04 ;  the 
water  is  then  added,  and  the  excess  of  ]>ermanganate  removed  by  adding  ice  of  a  2 
per  cent  solution  of  neutral  potassium  oxalate ;  the  estimation  is  then  made  in  the 
ordinary  way.  A  larger  proportion  of  soda  is  required  to  balance  the  sulphuric  acid 
added. 

Ramsay  and  Homfray2  have  devised  the  following  process :—  The  water  (in  a  tube) 
is  introduced  into  a  social  form  of  colorimeter,3  contact  with  the  air  being  prevented  by 
a  layer  of  paraffin  oil.  The  comrarison  tube  is  filled  with  water  saturated  with  oxygen 
at  a  known  temperature.  Both  tubes  are  treated  with  the  same  quantity  of  cuprous 
chloride  dissolved  in  HC1  just  before  use  ;  an  excess  of  ammonia  is  then  added.  After 
a  short  time  the  colours  are  comjiared  and  the  usual  calculations  made. 

(8.)  Suljihates. — Any  convenient  quantity  of  the  water,  carefully  mcas- 

1  Analyst,  June,  1901.  2  J.  Soc.  Chem.  Lid.,  1901,  20. 

3  This  colorimeter  can  be  obtained  from  Messrs.  Townson  and  Mercer,  Bishopsgate 
Street 
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ured,  is  acidified  with  hydrochloric  acid,  and  heated  nearly  to  boiling; 
while  hot,  some  solution  of  chloride  of  barium  is  added,  so  as  to  be  iu 
slight  excess,  and  the  solution  kept  uear  the  boiling  point  for  some  time. 
The  sulphate  of  barium  is  allowed  to  settle,  collected  on  a  filter,  dried, 
ignited,  and  weighed:  one  part  of  baric  sulphate  equals  *13433i>  of  sul- 
phuric acid. 

An  estimation  of  sulphates  in  water  can  also  l>e  made  on  colorimetric 
principles.  To  100  c.c.  of  water,  barium  chloride  is  added  in  slight 
excess  and  then  the  water  is  acidified  by  hydrochloric  acid,  the  turbidity 
produced  is  now  imitated  by  a  dilute  solution  of  sodic  sulphate  tested 
with  the  same  reagents.  It  is  best  to  observe  the  turbidity  by  looking 
through  the  colorimeter  at  a  black  porcelain  plate. 

(9.)  The  Forchammer,  Oxygen  or  Permanganate  Process. — The  principle 
of  this  process  is  the  abstraction  of  oxygen  by  the  organic  elements  of  the 
water,  and  the  estimation  of  the  oxygen  thus  abstracted.  '395  grm.  of 
potassic  permanganate  is  dissolved  in  a  litre  of  water,  which  gives  a 
solution  containing  1  nigrm.  iu  every  10  c.c,  or,  if  working  in  grains  and 
septems,  2  grains  of  permanganate  in  1,000  septems  of  water,  equalling 
'01  grain  of  available  oxygen  in  20  septems.  This  is  the  standard 
solution. 

The  determination  is  now  usually  made,  as  recommended  by  the 
Society  of  Analysts,  in  two  stages,  on  two  equal  quantities  of  water,  viz. — 

(1)  The  amount  of  oxygen  absorbed  in  fifteen  minutes,  and  commonly 
due  to  nitrites,  or,  at  all  events,  substances  very  readily  oxidisable ;  and, 

(2)  the  amount  of  oxygen  absorbed  in  four  hours.  The  time  for  this  last 
determination  used  to  be  given  as  three  hours,  but  the  four-hours'  period 
is  preferable ;  and  even  then  it  is  easy  of  proof  that,  if  the  water  be 
allowed  to  stand,  there  still  remain  matters  capable  of  being  oxidised. 
The  temperature  is  an  important  factor,  for  numerous  experiments  have 
shown  that  the  amount  of  oxygen  consumed  varies  greatly  at  different 
temperatures.  The  Analysts'  Society  have  adopted  26°*6  C.  (80°  Fahr.), 
and  in  order  to  ensure  uniformity  this  temperature  is  here  recommended. 
It  is,  however,  probable  that  better  and  more  uniform  results  would  be 
attained  by  boiling  the  water  and  permanganate  for  an  hour.  In  some 
interesting  experiments  by  Messrs.  Wigner  and  Harland,1  river  water,  to 
which  a  known  quantity  of  pure  sugar  had  been  added,  was  found  to  have 
absorbed  more  oxygen  at  the  end  of  two  hours,  at  37c,7  C.  (100°  Fahr.), 
than  during  six  hours  at  15° '5  C.  (60°  Fahr.),  and  almost  as  much  as 
during  six  hours  at  26°  6  C.  (80°  Fahr.).  Similarly,  river  water  con- 
taminated by  a  known  quantity  of  urine  used  up  equal  quantities  of 
oxygen  when  acted  upon  by  permanganate  for  six  hours  at  2 6° '6  C.  (80° 
Fahr.),  as  it  did  when  the  process  was  accomplished  in  two  hours  at 
37°'7  C.  (100°  Fahr.).    The  actual  operation  is  as  follows: — 

Two  stoppered  flasks  are  taken,  and  a  quarter  of  a  litre  of  the  water 
put  in  each  [or  3,500  grains].  The  bottles,  with  their  contents,  are 
immersed  in  an  air-bath  until  the  temperature  rises  to  26°  *6  C.  (80°  Fahr.), 
then  10  c.c  [or  100  grains]  of  dilute  sulphuric  acid  [1  :  3]  are  added,  and 
the  same  quantity  of  the  standard  permanganate.  One  of  the  bottles  is. 
taken  out  at  the  end  of  a  quarter  of  an  hour,  and  two  or  three  drops  of 
potassium  iodide  solution  added  to  remove  the  pink  colour.  After  thorough 
admixture,  there  is  run  into  it  from  a  burette  a  solution  of  sodium  hypo- 

1  "On  the  Action  of  Permanganate  on  Potable  Waters  at  Different  Temperatures. " 
Analyst,  March,  1881,  p.  39. 
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sulphite,  until  the  yellow  colour  is  nearly  destroyed ;  then  a  few  drops  of 
starch  water  are  added,  and  the  hyposulphite  added  until  the  blue  colour 
is  just  discharged.  The  value  of  the  sodium  hyposulphite  must  be  deter- 
mined by  titrating  in  a  similar  manner  10  c.c.  of  the  standard  permanganate 
in  distilled  water.  At  the  end  of  four  hours  the  other  bottle  is  removed 
and  titrated  in  exactly  the  same  way.  Should  the  pink  colour  diminish 
very  rapidly  during  the  four  hours,  another  measured  quantity  of  perman- 
ganate must  be  added. 

If  A  be  taken  to  express  the  amount  of  hyposulphite  used  for  a  blank 
experiment  with  pure  distilled  water,  B  the  water  under  examination,  and 
a  the  amount  of  available  oxygen  in  the  quantity  of  permanganate 
originally  added  :  then,  the  oxygen  consumed  by  the  quantity  of  water 
operated  on  would  be 

(A-B)a 
A 

or,  in  actual  figures,  10  c.c.  of  a  permanganate  solution,  equivalent  to 
1  mgrm.  of  oxygen,  were  added  to  a  quarter  of  a  litre  of  distilled  water,  and 
to  the  same  quantity  of  a  sample  under  analysis.  The  distilled  water 
used  40  c.c.  of  hyposulphite,  the  water  15  c.c.  at  the  end  of  four  hours. 
Then  the  oxygen  consumed  by  the  quarter  litre  was  *625  mgrm.,  according 
to  the  equation 

40-15x1-0  AfiOK 
 —  =  0*625  mgrm. 

or  per  litre,  2 '5  mgrm.  ['175  grain  per  gallon], 

Blair  prefers  to  use  the  oxygen  process  at  100°  C,  and  has  published 
an  elaborate  series  of  experiments  proving  that  permanganate  and  sulphuric 
acid  in  the  absence  of  organic  matter  or  reducing  agents  can  be  boiled 
for  two  hours  without  change ;  a  serious  objection  is  that  a  boiling 
permanganate  of  potash  solution  will  decompose  chlorides,  setting  chlorine 
free,  thus — 

KjMn208  +  8HJS04  +  lONaCl  =  K£04  +  2MnS04 
+  5Na2S04  +  8HaO  +  501.2 ; 

but  with  waters  containing  up  to  8  grains  of  chlorine  per  gallon,  it  appears 
that  this  reaction  has  absolutely  no  effect;  with  larger  quantities  of 
chlorine,  a  control  may  be  run  containing  an  equal  amount  of  chlorine  in 
the  form  of  common  salt.  A  great  number  of  organic  substances,  when 
treated  with  permanganate  at  100°  C,  absorb  the  quantity  of  oxygen 
theoretically  necessary  to  convert  the  carbon  into  carbon  dioxide,  and  the 
hydrogen  into  water ;  100  mgrms.  *of  cane  sugar  in  two  hours  absorbed 
111*2  mgrni8.  O,  as  against  111*9;  strychnine,  brucine,  morphine,  all 
gave  the  theoretical  amounts ;  but  starch  came  out  low,  i.e.,  86*4  instead 
of  118*5.  The  writers  consider  that  with  regard  to  ordinary  waters  the 
oxygen  process  at  100°  C.  is  by  far  the  most  reliable,  and  have,  for  many 
years,  used  it  exclusively.  We  are  also  able  to  confirm  Kruss,  that  the 
strength  of  a  permanganate  solution  may  be  estimated  by  the  spectroscope 
by  the  use  of  the  divided  slit  (see  p.  62) ;  those  who  have  the  necessary 
appliances  may  make  use  of  this  method  in  preference  to  titration. 

The  German  chemists  generally  estimate  oxygen  consumed  at  100°  C, 
but  only  boil  for  ten  minutes.  The  method  of  Kubel  is  the  oxidation  by 
a  centinormal  solution  of  permanganate  in  ten  minutes  in  acid  solution  : 
that  of  Schulze  is,  first,  oxidation  by  alkaline  permanganate;  then  the 
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solution  is  acidified  by  sulphuric  acid  and  again  boiled ;  in  each  case 
the  boiling  is  for  ten  minutes.  Probably  the  method  of  Schulze  is  the 
better  of  the  two.  In  either  case  the  oxygen  consumed  (or,  in  othei 
words,  the  permanganate  used)  is  estimated  by  oxalic  acid  as  follows : — 

The  permanganate  strength  is  first  ascertained  by  centi normal  oxalii 
acid.  The  water  which  has  been  boiled  with  ]>ermanganate  has  its  cokrai 
discharged  by  means  of  ccntinormal  oxalic  acid  added  in  known  volume 
and  in  slight  excess,  and  then  the  solution  of  permanganate  is  dropped  ii 
until  a  weak  red  colour  is  permanent.  The  calculation  is  obvious,  but  i 
may  be  useful  to  give  an  example. 

A  centinormal  solution  of  permanganate  exactly  equivalent  to  a  centi 
normal  solution  of  oxalic  acid  was  used,  and  15  c.c.  of  such  a  solutiot 
added  to  100  c.c.  of  water ;  after  lx>iling  for  ten  minutes  and  then  cooling 
10  c.c.  of  the  oxalic  acid  solution  were  run  in;  and  then  to  the  colourles 
fluid  it  was  found  that  5  c.c.  of  the  permanganate  solution  was  necessar 
to  just  redden  the  colourless  liquid.  In  all,  the  solution  contained,  there 
fore,  20  c.c.  of  permanganate,  of  which  5  have  been  used  ;  1  c.c.  o 
centinormal  potassic  permanganate  is  equal  to  0*08  mgrm.  of  oxygen 
hence  the  100  c.c.  used  0'4  mgrm.  of  oxygen,  equivalent  to  4  parts  pe 
million. 

The  Oxytjen  Consumed  Applied  to  the  Indirect  Estimation  of  VolatUi 
Organic  Matter, — Preusse  and  Tieniann1  have  submitted  various  water 
to  distillation,  and  have  estimated  the  amount  of  oxygen  consumed  in  th< 
distillate.  They  have  come  to  the  conclusion  that  the  products  of  putre 
faction  may  be,  in  this  way,  detected,  and  that  the  process  is  a  valuable 
aid  to  the  judgment  of  drinking  waters.  Those  waters  which  are  good 
reducing  but  small  quantities  of  permanganate ;  those  that  are  impure 
large  quantities. 

An  example  of  one  of  their  experiments  may  be  given.  Half  a  litre  o 
water  derived  from  the  Panke,  a  dirty  brook  running  through  the  north 
west  of  Berlin,  was  distilled,  400  c.c.  of  distillate  being  collected  in  foui 
successive  fractions  and  boiled,  after  Kubel's  method,  ten  minutes  a* 
l>efore  described.  Half  a  litre  was  first  distilled  from  the  neutral  water 
another  half  litre  was  acidified  ;  a  third  was  alkalised.  In  all  three  cases 
volatile  organic  matter  was  present. 


Mgrms.  of  Oxygen  consumed  by  100  c.c.  1 
of  Distillate  from  | 


;   (a)  Neutral 

(b)  Acid 

i  (e)  Alkalised 

1       Water.  1 

Water. 

Water. 

1 

l" 

I        1*28  ' 

1*14 

ros 

2 

1       0*65  1 

0*69 

0*48 

3 

.       0-89  , 

0*45 

0*27 

4 

1  0-27 

0*40 

0*26 

I 


(10.)  Ammonia,  Free  and  Albuminoid. — The  estimation  of  ammonia 
depends  on  the  principle  that  it  admits  of  ready  distillation  when  it 
exists  in  the  water  as  ammonia,  provided  that  the  water  is  alkaline. 
Since,  therefore,  nearly  every  natural  water  is  alkaline,  distillation  of 

1  Tiemann-Oartner's  Handbudi  tfor  i7nt*T9uclimuj  u.  B-'urtheilung  der  Waster. 
Braunschweig,  1895. 
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water  is  alone  sufficient  to  expel  the  ammonia.  If  a  water,  by  testing 
with  cochineal,  is  found  to  be  acid,  then  it  will  be  necessary  to  add  a 
little  recently  ignited  carbonate  of  soda  (or,  perhaps  better,  a  little 
recently  burnt  magnesia),  until  an  alkaline  reaction  is  obtained.  The 
apparatus  required  for  the  estimation  of  free  and  albuminoid  am- 
monia, is — 

(1.)  A  good  large  stoppered  retort,  fitting  into  a  full-sized  Liebig's 
condenser,  through  which  a  constant  stream  of  water  is 
running. 

(2.)  Measuring-flasks,  either  in  septems  or  litres. 

(3.)  Cylinders  made  of    cleat  glass,   "Nessler    cylinders,"    or  a 

colorimeter. 
(4.)  One  or  two  pipettes. 
(5.)  Nessler  reagent  (see  Appendix). 

(6.)  Standard  solutions  of  ammonium  chloride  (see  Appendix). 
(7.)  Solution  of  alkaline  permanganate  (see  Appendix). 

The  water  is  first  tested  with  a  little  of  the  Nessler  reagent ;  if  it 
shows  any  decided  colour  it  may  be  necessary  to  distil  a  very  small 
portion,  say  a  quarter  of  a  litre,  diluted  with  a  sufficient  quantity  of  pure, 
ammonia-free  water.  But  if,  on  the  other  hand,  there  is  no  colour,  or  a 
doubtful  one,  a  litre  of  the  water  should  be  distilled,  or  a  fifth  of  a  gallon. 
On  distillation,  100  c.c,  or  1,400  grains,  are  collected  in  one  of  the  glass 
cylinders,  and  5  c.c,  or  one-twentieth  of  its  volume,  of  clear  straw-coloured 
Nessler  solution  added.  If  there  is  any  ammonia  the  distillate  thus 
tested  will  be  tinted  or  coloured,  the  colour  varying  from  a  very  pale  straw 
up  to  a  dark  amber.  If  the  colour  should  be  very  deep,  it  is  impossible  to 
estimate  the  ammonia  with  even  an  approach  to  accuracy,  unless  the  dark 
solution  is  very  much  diluted  and  made  up  to  a  definite  volume,  of  which 
definite  fractional  parts  are  taken.  The  next  step  is  to  estimate  the 
ammonia  by  imitating  the  colour.  This  is  done  by  running  into  some 
distilled  water  one,  two.  or  more  cubic  centimetres  of  the  standard 
ammonium  chloride  solution,  and  adding  exactly  the  same  amount  of 
Nessler  solution  as  had  been  added  to  the  distillate.  The  solution  is  now 
made  up  to  precisely  the  same  bulk  as  the  distillate,  and  the  liquids,  thus 
in  equal  columns,  compared  by  looking  down  through  them  on  to  a  glass 
plate  or  white  porcelain  tile  or  slab. 

Accurate  estimations  may  be  made  by  the  special  colorimeters  described 
on  pp.  60-62,  but  the  accuracy  greatly  depends  upon  the  practice  of  the 
observer,  and  the  sensitiveness  of  his  eye  for  differences  of  colour.  There 
are  many  persons  who.  from  some  physical  peculiarity  of  sight,  can  only 
distinguish  a  few  shades,  and  even  with  the  greatest  care  can  make  no 
very  accurate  colori metric  observation. 

By  graduated  Nessler  glasses,  having  taps  near  the  bottom  in  order 
to  run  off  a  portion,  as  well  as  by  colorimeters,  such  as  Mill's  and  other 
like  contrivances,  "  Nesslerising  "  is  much  expedited  and  facilitated. 

Returning  to  the  actual  estimation  of  free  ammonia,  the  water  must  be 
distilled  in  successive  fractions,  until  no  more  free  ammonia  is  detected  in 
the  distillate.  This  occurs  generally  when  150  c.c.  or  200  c.c.  (that  is, 
one-fifth  of  the  entire  quantity)  of  the  water  taken  has  come  over,  then 
the  wa»er  is  ammonia-free.  The  next  step  is  to  estimate  in  the  same 
water  the  albuminoid  ammonia. 

Albuminoifl  Ammonia.  —  When  Mr.  Wanklyn  first  \>uhlUhfcd  Una 
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albuminoid  process  it  was  very  generally  adopted,  and  it  may  be  considered 
as  yielding  quickly  certain  data,  assisting  in  the  final  verdict  of  an  analjBt. 
To  the  water  left  in  the  retort  from  the  estimation  of  free  ammonia  about 
one-tenth  of  its  original  volume  of  the  alkaline  permanganate  (see 
Appendix)  is  added  ;  the  water  is  again  distilled ;  successive  fractions 
of  the  distillate  are  tested  with  Nesslcr,  and  the  ammonia  therein  con- 
tained determined  in  the  same  way  a*  in  the  free  ammonia  estimation. 
Here  the  analyst  may  occasionally  have  difficulty,  from  the  circumstauce 
that  the  alkaline  permanganate  sets  free  certain  compound  ammonias, 
which  strike  a  tint  with  the  Nessler  re-agent  entirely  different  from  that 
given  by  pure  ammonia.  In  certain  cases  it  may,  indeed,  be  necessary  to 
estimate  the  ammonia  by  titrating  with  a  feeble  and  very  dilute  acid. 
The  free  ammonia  is  usually  returned  as  ammonia ;  the  albuminoid  should 
properly  be  returned  as  "nitrogen  as  albuminoid  ammonia."  It  is  scarcely 
necessary  to  remind  the  operator  that  all  retorts,  condensers,  etc.,  used  for 
these  estimations  must  be  ammonia-free,  and  that  ammonia  from  any 
analytical  operation  must  not  be  allowed  to  contaminate  the  laboratory 
atmosphere.  The  most  ready  way  to  render  it  certain  that  there  is  no 
ammonia  in  the  condenser  is  to  acidify  a  little  water  with  sulphuric  acid, 
and  then  distil  until  the  distillate  is  ammonia-free. 

Estimation  in  Water  of  Proteid  Ammonia.  —  L.  W.  Winkler  has 
proposed  a  new  method  of  estimation  of  proteid  ammonia,  and  has 
suggested  that  this  method  may  be  used  advantageously  as  a  substitute 
for  the  ordinary  albuminoid  ammonia  process.  It  is,  however,  obvious 
that  it  may  also  be  used  as  an  addition  to  the  albuminoid  process,  any 
want  of  fair  agreement  between  the  albuminoid  ammonia  and  the  proteid 
ammonia  as  estimated  by  Winkler's  process  sometimes  giving  valuable 
insight  into  the  nature  of  the  nitrogenous  substance  present ;  urea,  for 
example,  yields  more  than  ten  times ;  hippuric  acid  about  double,  and  uric 
acid  more  than  double,  the  weight  of  ammonia  by  Winkler's  process  than 
can  be  obtained  by  distillation  with  permanganate.  The  process  is  simply 
this  : — Proteid  substances  in  solution  are  more  or  less  oxidised  to  ammonia 
by  persulphate  of  potash  slightly  acidulated  with  sulphuric  acid  and 
submitted  to  a  heat  of  100°  C.  for  a  quarter  of  an  hour. 

The  following  table  gives  the  amount  of  ammonia  obtained  by  Winkler, 
using  his  process  as  compared  with  the  ammonia  evolved  by  alkaline 
permanganate  from  various  nitrogenous  substances  : — 


Proteid 

Albuminoid 

Ammonia 

Ammonia 

Ammonia 

calculated 

per  cent. 

per  cent. 

per  cent. 

27-0 

2*2 

_ 

56*67 

Hippuric  acid, 

7*4 

31 

9  45 

Uric  acid, 

10-6 

4  3 

40*17 

Theine,  .... 

15-2 

15*0 

26*29 

Leucine, 

10'2 

11-3 

12*98 

Tyrosine, 

7'9 

8-0 

10*30 

Asparaginic  acid,  . 
Gelatine  (18*3  p.c.  X),  . 

11-2 

11*8 

1281 

91 

8'2 

22*23 

Albumen, 

7-1 

67 

19-06 

In  each  case  10  mgrms.  of  the  substance  were  dissolved  in  1  litre  of 
water. 
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The  following  are  the  details  of  the  process  : — 
Solutions  required — 

(1.)  Pota8sic  Persulpliate  Solutioyi. — 1  grm.  of  commercial  persulphate 
is  dissolved  in  100  c.c.  of  water.  Since  the  commercial  persulphate  is 
mostly  contaminated  with  ammonia  it  is  purified  as  follows :  1 5  gnus,  of 
potassic  persulphate,  finely  powdered,  are  dissolved  in  100  grms.  of  warm 
water  (50-60°  C.)  and  1*5  grm.  of  potash  added.  The  solution  is  filtered 
through  a  small  wad  of  asbestos  and  allowed  to  stand  for  a  few  hours  in  a 
cold  place.  Pure  crystals  separate  out ;  these  are  collected  on  a  glass 
filter  and  dried  in  the  air  at  ordinary  temperatures.  The  solution  rapidly 
changes,  so  that  only  small  quantities  are  prepared  at  a  time.  The  freshly 
prepared  pure  solution  gives  no  turbidity  with  barium  chloride  and  its 
reaction  is  neutral.  A  slight  turbidity  with  barium  chloride  may, 
however,  be  neglected. 

(2.)  Approximately  one-fifth  normal  sulphuric  acid.  It  is  sufficient  to 
dilute  6  c.c.  of  pure  concentrated  acid  up  to  a  litre  with  water. 

The  ammonia  is  not  distilled  off,  but  estimated  by  a  colorimetric  method 
with  the  same  water,  for  which  purpose  the  following  solutions  are  required. 

(3.)  Ammonium  Moride  solution,  315  mgrms.  to  the  litre.  1  c.c.  =  0'1 
mgrm.  NH8. 

(4.)  Nessler' s  reagent — This  must  not  be  prepared  with  mercuric 
chloride,  but  with  mercuric  iodide,  the  proportions  being  as  follows : — 


The  mercuric  iodide  is  rubbed  to  a  powder  in  a  small  porcelain  mortar 
with  some  water  washed  into  a  flask  and  the  potassic  iodide  added.  The 
soda  is  dissolved  in  the  rest  of  the  water  and  only  added  when  quite  cold. 
This  solution  must  be  kept  in  the  dark.  It  must  not  be  used  for  some 
days,  in  order  that  the  excess  of  mercuric  iodide  may  crystallise  out  and 
the  liquid  become  clear.  When  properly  made  the  liquid  is  pale  yellow, 
caustic,  quite  clear,  and  of  sp.  gr.  1*28. 

(5.)  Solution  of  potassium  sodium  taHrate. — 50  grms.  of  the  salt  are 
dissolved  in  100  c.c.  of  warm  water,  filtered,  5  c.c.  of  Nessler  solution 
added,  and  kept  in  the  dark.  This  solution  is  also  allowed  to  stand  a  few 
days  before  use. 

For  the  estimation  of  ammonia  equal  parts  of  the  tartrate  and  of  the 
Nessler  solution  are  mixed. 

The  process  itself  as  applied  to  drinking  water  is  as  follows: — 100  c.c. 
of  the  water  are  placed  in  a  suitable  flask,  5  c.c.  of  the  sulphuric  acid  and 
5  c.c.  of  the  persulphate  solution  added.  Should  the  fluid  not  react  acid, 
5  c.c.  more  of  sulphuric  acid  are  added.  The  flask  is  now  sunk  in  the 
water  bath  and  heated  at  100°  C.  for  a  quarter  of  an  hour.  At  the  end  of 
that  time  it  is  removed  from  the  bath,  put  in  a  glass  cylinder,  the  mixed 
Nessler  solution  added  (5  c.c),  and  a  comparison  made  with  a  second  100 
c.c.  of  the  same  water  by  adding  to  it  in  the  cold  the  same  quantities  of 
acid  persulphate  and  mixed  Nessler  solution, — the  colour  being  equalised 
by  dropping  from  a  burette  a  sufficiency  of  the  chloride  of  ammonium 
solution  into  this  last  which,  if  any  proteid  ammonia  exists  in  the  water  at 
all,  will  naturally  be  of  a  less  deep  colour  than  the  water  which  lias  been 


Mercuric  iodide, 
Potassic  iodide, 


10  grms. 

5  grms. 
20  grms. 
100  c.c. 


Sodium  hydroxide, 
Distilled  water, 
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heated  with  the  persulphate.  The  amount  of  ammonium  chloride  solution 
added  gives  the  necessary  data  from  which  to  calculate  the  proteid 
ammonia. 

The  process  is  not  easy  of  application  to  dirty  waters,  to  sewage  or  to 
any  coloured  liquid ;  but  it  is  suitable  for  ordinary  potable  and  for  polluted 
waters  without  turbidity  or  marked  colour. 

The  very  best  spring  waters  yield  no  proteid  ammonia ;  polluted  waters 
yield  from  *1  to  more  than  '7  mgrm.  per  litre. 

(11.)  Hardness.— A.  Be/ore  Boiling. — In  a  corked  or  stoppered  bottle 
1000  grains,  or  100  c.c,  of  the  water  to  be  tested  are  placed.  The 
standard  soap  solution  (see  Appendix)  is  run  in,  10  grains,  or  1  c.c.,  at  a 
time,  and  after  each  addition  the  cork  or  stopper  is  replaced,  and  the 
bottle  shaken  violently,  and  observ  ed  as  to  whether  a  permanent  lather 
forms  or  not.  If  not,  then  another  measured  quantity  is  run  in,  and  so  on 
until  the  desired  effect  is  produced.  Waters  containing  but  little  magnesia 
give  a  good  lather,  and  the  reaction  is  fairly  sharp.  With  magnesian 
waters  the  reaction  is  slow,  and  not  so  easy  to  observe.  When  a  lather 
has  been  obtained,  it  is  well  to  repeat  the  experiment,  and  in  this  second 
assay  to  run  in  within  half  a  division  the  whole  of  the  amount  of  soap 
solution  thought  to  be  necessary  ;  then  a  further  portion  of  the  soap 
solution  is  run  in  very  gradually  in  tenths  of  a  c.c,  or  single  grains,  until 
the  lather  is  permanent.  The  hardness  is  expressed  in  degrees.  However, 
when  the  hardness  is  more  than  16°,  it  is  not  possible  to  estimate  it  in  this 
way  with  accuracy,  and  the  water  under  examination  must  be  diluted 
with  distilled  water  to  double  its  bulk,  and  then  the  same  quantity  as 
above  recommended  taken  for  the  estimation  :  in  this  case  the  number  of 
degrees  found  must,  of  course,  be  multiplied  by  2. 

B.  Hardnes*  after  Boiling. — A  quantity  of  water,  precisely  the  same 
in  bulk  as  in  the  former  experiment,  is  boiled  briskly  for  half-an-hour, 
filtered,  cooled,  and  made  up  to  the  original  bulk  with  distilled  water ;  and 
treated  with  soap  solution,  exactly  in  the  same  way  as  in  the  previous  case. 

A  different  method  of  determining  hardness  has  been  proposed  by 
Hehner  (Analyst,  May,  1883).    20  c.c.  of  normal  sulphuric  acid  are  made 
up  to  1000  c.c,  and  a  solution  of  sodic  carbonate  (1*06  :  1000)  is  prepared, 
an  equal  volume  of  which  exactly  neutralises  the  acid.    I  c.c.  of  the  acid 
neutralises  10  mgrms.  of  calcic  carbonate.    100  c.c.  of  the  water  are  tinted 
with  cochineal,  phenacetoline,  or  inothylorange,  and  titrated  in  the  usual 
way  with  the  acid.    Each  c.c.  used  indicates  one  degree  of  temporary 
hardness.    To  another  100  c.c.  a  measured  quantity  of  the  sodic  carbonate 
solution  is  added,  more  than  enough  to  decompose  the  whole  of  the  soluble 
lime  and  magnesian  salts.    The  mixed  solutions  are  evaporated   in  a 
platinum  vessel  to  dryness.    The  residue  is  extracted  with  a  little  hot 
water,  filtered  and  titrated  hot  with  the  standard  acid.    The  alkali  added, 
minus  the  acid  used,  indicates  the  permanent  hardness  as  CaC03. 

(12.)  Alkalinity. — The  alkalinity  of  water  is  best  taken  by  using  as 
an  indicator  an  alcoholic  solution  of  cochineal,  which  is  not  affected  by 
carbonic  acid,  and  strikes  a  beautiful  crimson  purple  colour  with  a  trace 
of  alkali,  a  reddish  yellow  with  acids.  100  c.c.  or  more  are  placed  in  a 
tall  cylinder  of  colourless  glass,  and  a  decinormal  hydrochloric  acid  is  run 
in,  drop  by  drop,  from  a  burette  until  the  colour  changes  to  a  yellowish 
hue.  The  result  is  expressed  in  terms  of  carbouate  of  lime,  each  c.c.  of 
decinormal  acid  equalling  5  mgrms.  of  carbonate  of  lime. 

(13.)  Organic  Analysis  of  Water:  Estimation  of  Organic  Carbon  and 
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Nitrogen. — (1.)  Carbon. — There  are  four  main  ways  in  which  the  carbon 
in  a  water  residue  is  estimated— (1.)  as  gas;  (2.)  gravimetrically ;  (3.) 
nephelometrically ;  (4.)  indirect  methods. 

(1.)  Carbtm  as  gat*. — The  first  method  (which  consists  in  burning  up 
the  carbon  into  carbon  dioxide,  and  estimating  both  it  and  the  nitrogen  in 
a  suitable  gas-apparatus)  we  owe  to  Dr.  Frankland,  who  proposed  and 
practised  it  as  early  as  1867. 

Frankland' 8  Combustion  Process. — A  quantity  of  water,  varying  from 
100  c.c.  to  a  litre,  according  to  the  amount  of  impurity  suspected  from 
other  determinations  [especially  of  the  free  ammonia]  is  evaporated  to 
dryness  with  special  precautions. 

These  precautions  are  mainly  two— (1.)  The  protection  of  the  sample  from  dust  during 
the  evajK)rating  process,  and  (2.)  the  destruction  of  carbonates,  nitrates,  and  nitrites, 
which,  it  is  scarcely  necessary  to  say.  would  greatly  interfere  with  the  results,  and  indeed 
render  them  valueless.  Small  quantities  of  water,  such  as  sewage  and  the  like,  can  be 
eva|K>rated  under  any  improvised  cover,  but  for  larger  quantities  Frankland  recom- 
mended a  self-filling  circular  water-bath,  on  the  top  of  which  rests  a  flanged  copper 
capsule,  serving  as  support  to  a  thin  glass  dish,  in  which  the.  evaporation  of  the  water 
takes  place.  The  dish  is  protected  from  dust  by  being  covered  by  a  tall  glass  shade, 
such  as  is  used  for  statuettes.  The  bulk  of  the  water  for  evaporation  is  contained  in  a 
flask,  to  the  neck  of  which  is  a  ground  glass  tube  bent  appropriately.  The  flask,  when 
filled  with  the  water  and  connected  with  this  tube,  is  by  a  quick  movement  inverted,  so 
that  the  end  of  the  tube  rests  on  the  glass  dish.  A  little  above  the  end  of  the  tube  there- 
is  a  short  side  tube  bent  at  right  angles,  of  smaller  diameter  than  the  tube  itself,  the 
effect  of  which  is  that  directly  the  water  in  the  dish  falls  below  the  little  angle  of  this 
tube,  air  bubbles  up  into  the  flask,  and  more  water  runs  into  the  dish.  In  this  way  the 
ovaporating  dish  is  kept  at  a  constant  level  until  the  whole  of  the  water  is  used  up. 
The  steam  condenses  on  the  inside  of  the  glass  shade,  and  collects  in  the  copper  capsule 
underneath  the  glass  dish,  and  is  finally  conducted  away  by  a  piece  of  tape  which  passes 
over  the  copj>er  lip  of  the  bath.  The  evaporation  of  a  litre  of  water  takes  about  twenty- 
six  hours,  but  with  proper  arrangements  it  is  continuous,  and  when  once  started  requires 
no  supervision.  The  evaporating  time  is  really  a  small  matter,  for  the  analyst  can 
begin  it  one  morning,  and  it  will  be  ready  the  next.  Before  the  water  is  submitted  to 
evaporation  it  is  boiled  briskly  with  20  c.c.  of  sulphurous  acid  ;  or  if  previous  estimations 
have  shown  that  there  is  a  larger  quantity  of  nitrogen  as  nitrates  and  nitrites  than  *5  j>er 
100,000,  a  larger  amount  of  sulphurous  acid  must  be  added.  To  ensure  the  destruction 
of  nitrates,  a  cirop  of  ferrous  chloride  is  added  to  the  first  dishful  of  water.  Lastly,  in 
dealing  with  waters  deficient  in  carbonates  (in  which  case  the  sulphurous  acid,  when 
oxidised  to  sulphuric,  might  not  oiler  sufficient  base  for  combination,  and  therefore  there 
might  be  some  destruction  of  the  organic  matter),  1  or  *2  c.c.  of  a  saturated  solution  of 
hydric  sodic  sulphite  are  added,  which  will  give  any  sulphuric  acid,  otherwise  free, 
sufficient  base  for  combination. 

When  the  evaporation  is  complete,  the  next  step  is  to  remove  the 
residue  from  the  dish  and  burn  it  up  in  a  vacuum  with  oxide  of  copper. 
To  avoid  this  removal,  Dr.  Duprc  has  proposed  and  used  a  collapsible 
silver  dish :  the  water  in  this  dish  is  evaporated  down  in  the  usual  way, 
and  then  the  dish  cau  be  rolled  up  and  thrust  into  a  combustion  tube.  If 
the  analyst  does  not  use  the  silver  dish,  the  residue  must  be  removed  by 
the  aid  of  a  flexible  spatula,  and  mixed  with  copper  oxide.  The  combustion 
tube,  18  inches  long  and  of  rather  narrow  bore,  is  cleansed  and  dried,  and 
charged  by  the  aid  of  a  small  metallic  scoop,  first  with  a  little  coarse  oxide, 
after  which  the  residue  is  mixed  with  oxide ;  lastly  some  more  oxide  is 
added,  and  in  front  of  this  is  placed  a  roll  of  copper  gauze  which  has  first 
been  oxidised  in  air  and  then  reduced  in  hydrogen. 

The  usual  precautions  in  filling  a  combustion  tube  for  organic  analysis 
arc,  of  course,  to  be  strictly  observed.  The  tube  is  now  placed  in  a 
combustion  furnace,  exhausted  of  all  air  by  a  Sprengel  pump,  the  tube 
made  gradually  red-hot,  and  the  gas  finally  transferred  to  a  gas  apparatus. 
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Fig.  74. 


The  writers  use  the  mercury 
pump  described  at  page  51 
The  combustion  tube  is  at- 
tached by  a  short  piece  of 
pressure  tubing  direct  to  the 
tube  from  the  pump,  and  made 
perfectly  vacuous. 

The  gas  is  pumped  out  by 
the  mercury  pump  into  any 
convenient  test-tube  previously 
filled  with  mercury  and  in- 
verted in  the  pneumatic  trough. 
The  gas  thus  collected  is  trans 
ferred  to  a  measuring  appar- 
atus, the  one  the  authors  use 
being  of  the  type  devised  by 
C.  N.  Huntley  (fig.  74).  The 
method  of  transference  is 
obvious  from  the  diagram. 
On  lowering  the  reservoir  R 
there  is  a  vacuum  produced  in 
the  burette  B,  and  on  turning 
the  two-way  cock  C  so  as  to 
place  the  burette  and  the 
interior  of  the  test-tube  in 
communication,  the  gas  is 
aspirated  into  the  burette. 

The  burette  has  no  divi- 
sions, but    there    are  three 
opaque  glass    points,    </,  <?,/. 
The  mercury,  by  careful  first 
lowering    then     raising  the 
reservoir,    can     be  brought 
exactly  in  contact  with  one  or 
other  of  these  points,  coincid- 
ence being  easily  adjusted  by 
observing  that  the  point  coin- 
cides with  its  image  reflected 
on  the  mercury  mirror.  The 
capacity  of  the  spaces  above 
the  mercury  for  each  point  is 
ascertained  by  weighing  the 
volumes  of  mercury  or  water 
for  each  division.    It  is  also 
necessary    to    ascertain  the 
exact  divisions  of  the  barom- 
eter tube  which  are  on  the 
same  level  with  each  of  the 
three  points.    The  barometer 
tube    has   no  stopcock,  but 
simply  a  ground  glass  stopper 
(*).    The  stopper  is  surrounded 
by  a  little  mercury  in  the 
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mercury  cup,  so  that  leakage  is  impossible ;  both  burette  and  barometer  tube 
are  jacketed  and  maintained  at  the  same  temperature  by  a  stream  of  water. 

If  the  gas  consists  of  nitrogen  and  carbon  dioxide,  after  measuring  the 
total  volume  the  gas  is  retransferred  to  the  test-tube  and  a  little  bit  of 
moist  solid  potash  on  a  wire  carried  up  through 
the  mercury  into  the  tube.  After  all  absorp- 
tion has  ceased,  the  gas  is  transferred  back 
again  and  remeasured,  provided  the  tempera- 
ture of  the  water-jacket  is  the  same  as  before 
and  the  same  division  on  the  burette  is  used. 
The  barometric  height  will  be  of  course 
different,  and  the  heights  of  the  first  to  the 
second  observation  will  be  proportional  to  the 
gas  that  has  disappeared  or  been  absorbed. 

Instead  of  absorption  by  solid  potash, 'ab- 
sorption pipettes  may  be  used. 

The  pipette  (fig.  75)  consists  of  two 
bulbs,  A  and  B.  C  is  a  thiok-walled  glass 
tube,  with  a  capillary  bore;  at  X  is  the 
India-rubber  connection.  Before  commencing 
an  absorption,  A  must  be  filled  through  B 
with  the  reagent ;  it  is  then,  when  properly 
connected,  easy  to  drive  the  gas  over  into  A,  and  also  at  the  last  a  thread 
of  mercury  sealing  C.  The  pipette  may  now  be  disconnected  and  well 
shaken  without  any  loss  of  gas,  and  absorption  is  far  more  rapid  than 
when  liquid  reagents  are  applied  in  the  ordinary  manner.  An  analysis 
of  a  sample  of  air,  and  one  of  a  gas  consisting  of  carbon  dioxide,  nitric 
peroxide  and  nitrogen,  may  be  cited  as  an  example. 

Air. — A  sample  of  air  brought  to  the  lowest  division  of  the  measuring 
pipette,  barometer  tube  reading  900  mm.,  but  the  barometer  reading  cor- 
responding to  the  lowest  opaque  glass  point,  is  325  mm.  Therefore  this  has 
to  be  subtracted  :  900  -  325  =  575  mm.,  which  is  the  pressure  of  the  total  gas. 
On  absorbing  by  a  stick  of  potash  after  the  manner  described,  aud  again 
reading  at  the  same  division,  the  barometer  reading  is  now  899'8  mm. ; 
this  subtracted  from  900  gives,  as  the  tension  of  the  carbon  dioxide,  *2  mm. 
Lastly,  on  impelling  the  gas  into  the  pipette  (fig.  75),  and  submitting  it  to 
the  action  of  alkaline  pyrogallate  for  two  hours  with  frequent  shaking,  and 
measuring  at  the  same  division,  the  barometer  reading  is  780*9,  which, 
subtracted  from  the  former  reading,  gives  as  the  pressure  of  the  oxygen 
119  mm.  Hence 


Fio.  75. 


Pressure  of  carbon  dioxide, 
oxygen, 
, ,  nitrogen, 


•2 

119-0 
455*8 

575-0 


Total  pressure*, 

Since  the  temperature  was  constant  throughout,  if  the  volume  in  percent- 
ages only  is  required,  the  calculation  is  as  follows  : — 


(1.)  575 


(2.)    575  :  119*0 


1 00  -  carbon  dioxide 
20?-.03 


575 
100 -oxygen 

or  ^-20-69. 
575 
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That  is,  the  air  contained  '03  per  cent,  of  carbon  dioxide,  and  20*69  per 
cent,  of  oxygen. 

In  a  determination  of  the  carbon  and  nitrogen  of  a  water  residue  (from 
a  litre),  the  following  is  an  example  of  the  method  and  of  the  numbers 
obtained  : — The  gas  was  pumped  out  by  the  mercury-pump  direct  into  a 
thick-walled  test-tube,  and  sucked  into  the  measuring  pipette  and  the 
mercury  exactly  brought  down  to  one  of  the  glass  points ;  the  pressure  of 
the  mercury  as  read  on  the  barometer  tube  was  850  mm. ;  but  since  the 
division  itself  equalled  or  corresponded  to  284,  the  total  pressure  of  the 
gas  was  850  -  284  =  566  mm.  On  now  absorbing  by  a  stick  of  potash,  the 
pressure  was  found  to  be  584,  therefore  the  tension  of  the  carbon  dioxide 
was  850  -  584  =  266.  Two  bubbles  of  pure  oxygen  were  now  added,  and 
the  gas,  which  immediately  became  of  a  red  colour,  submitted  to  the  action 
of  alkaline  pyrogallate ;  after  this  operation  the  barometer  reading  was 
574,  and  therefore  the  pressure  of  the  nitric  peroxide  was  584  —  574  = 
10  mm.    We  have,  therefore,  the  following  determinations  : — 


Division  4  =  23*5  c.c.    Temp.  =ll°-5  C. 

mm. 


Tension  of  carbon  dioxide, 
,,      nitric  oxide, 
nitrogen, 

the  three  mixed  gases, 


266 
10 
290 
566 


These  operations  have  furnished  three  uncorrected  volumes  of  gases — 

A.  Volume  of  the  three  mixed  gases. 

B.  Volume  of  nitric  oxide  and  nitrogen. 

C.  Volume  of  nitrogen. 

The  volumes  must,  therefore,  all  be  reduced  by  the  usual  calculations 
to  0°  C.  temp,  and  760  nun.  pressure. 

From  these  corrected  volumes  of  nitrogen  and  carbonic  dioxide,  the 
weights  of  carbon  and  nitrogen  can  be  obtained  by  calculation  or  by  tables. 
There  is  a  simple  means  of  arriving  at  the  desired  result  by  the  aid  of  the 
following  data : — 

1.  The  weights  of  carbon  and  nitrogen  contained  in  equal  volumes  oi 
carbon  dioxide  and  nitrogen  gases,  measured  at  the  standard  temperature 
and  pressure,  are  to  each  other  as  3  :  7. 

2.  The  weights  of  nitrogen  contained  in  equal  volumes  of  nitrogen  and 
nitric  oxide  are  as  2  :  1. 

Hence,  if  we  assume  that  for  the  purpose  of  calculation  the  gaseoug 
mixture  consists  entirely  of  nitrogen,  and  that  two  successive  portions  of 
the  nitrogen  are  removed  from  it  by  the  reagents ;  then,  if  A  be  the  weight 
of  the  total  gas  calculated  as  nitrogen,  13  the  weight  after  absorption  of  the 
first  portion  (C02),  and  C  the  weight  after  the  absorption  of  the  second 
I>ortion  (N20?) ;  further,  if  x  and  y  represent  respectively  the  weights  of 
carbon  and  nitrogen  contained  in  the  gaseous  mixture,  then  the  following 
simple  equations  express  the  values  of  x  and  y : — 

ff,.3(A-B)  C  +  B 

7  y  2 


5  372.]       EXAMINATION  AND  ANALYSIS  OF  WATER. 


547 


In  the  example  given  the  calculation  is  as  follows : — 

A. 

Log.  of  23*5  c.c,  the  capacity  of  the  pipette  at  the  point 


measured,   -     1 '37106 

Log.  of  566,   -  275281 

Log.  from  Table  LXIX.,  corresponding  to  11°'5  C,       .       .  -   -  6J20029  .021aq 

-2*32416" 

B. 

Log.  23-5  c.c   -  1-37106 

Log.  of  300,   -  2-47712 

Log.  from  Table  LXIX.,  corresponding  to  11°'5  C,       .       .  -    -6 '20029  .on87 

-2-04847"* 

C. 

Log.  23*5  c.c,  -  1*37106 

Log.  of  200,  -  2-46239 

Log.  from  Table  LXIX.,  corresponding  to  11°'5  C,    .  -  -6-20029  .01080 


-2-03374 

Carbon  -3(^109  - -01187)  „ 


Nitrogen  -     3^1+^  -01133 

'Or  the  water  contains  in  100,000  parts  '438  carbon,  1-133  nitrogen. 

Blair's  Method  of  Motit  Combustion. — 250  c.c.  of  water  are  acidified 
with  2  c.c.  of  pure,  strong  sulphuric  acid  when  the  water  has  been  concen- 
trated to  100  c.c.  ;  all  CO.,  from  carbonates  is  then  boiled  off  by  concen- 
trating to  50  c.c.  A  globular  receiver  with  two  necks,  one  of  which  can 
be  adapted  airtight  by  a  rubber  connection  to  the  retort,  is  now  charged  with 
10  c.c.  of  permanganate  and  100  c.c.  of  water.  The  receiver  is  connected 
with  the  retort,  and  to  the  second  tubular  portion  is  adapted  an  indiarubber 
tube  with  clip.  The  liquid  in  the  retort  and  that  in  the  receiver  are  each 
made  to  boil  by  means  of  two  Buusen  burners;  after  the  steam  has  issued 
from  the  exit  tube  for  a  few  minutes,  the  exit  tube  is  clipped,  and  at  the 
same  moment  the  flames  removed.  The  condensation  of  the  steam  pro- 
duces a  vacuum,  as  shown  by  the  flattening  of  the  rubber  tube.  By  tilting 
the  apparatus  a  little,  about  30  c.c.  of  the  permanganate  solution  are  allowed 
to  flow  into  the  retort  from  the  receiver,  and  the  retort  heated  gently ; 
distillation  from  the  retort  into  the  cooler  receiver  at  once  commences,  and 
ultimately  the  acid,  becoming  concentrated,  oxidises  all  the  organic  matter ; 
the  resulting  solution  should  be  colourless,  but,  if  it  is  not  so,  a  little  more 
permanganate  should  be  transferred  as  before,  and  the  operation  repeated 
until  a  colourless  liquid  results.  The  gases  now  in  the  apparatus  are 
carbonic  acid,  oxygen,  and  chlorine,  and  it  is  obvious  that,  by  means  of  a 
Sprengel  or  mercury  pump,  they  could  be  transferred  to  a  suitable  gas 
measuring  apparatus,  and  the  quantity  of  C02  ascertained  after  absorption 
of  the  chlorine  by  direct  measurement ;  Blair,  however,  prefers  to  estimate 
the  CO.,  by  titration.  10  c.c.  of  a  10  per  cent,  solution  of  ferrous  sulphate 
are  passed  into  the  receiver  by  adjusting  the  charged  pipette  to  the  exit 
rubber  tube,  and  carefully  loosening  the  clip,  so  as  to  allow  no  air  to  enter. 
The  contents  of  the  receiver  decolorised  by  the  ferrous  sulphate  are  allowed 
to  flow  into  the  retort,  the  liquid  heated  nearly  to  boiling  and  then  poured 
backwards  and  forwards  from  retort  to  receiver.    In  a  few  minutes  all  the 
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chlorine  is  absorbed.  A  6-oz.  flask  is  prepared,  having  an  accurately  fittm 
rubber  cork,  through  which  passes  a  glass  tube  fitted  with  a  rubber  ecu 
nection  ;  a  little  water  is  placed  in  this  flask,  the  water  boiled  to  expel  ai 
and  the  rubber  tube  clipped  while  the  water  is  boiling ;  the  flame 
removed,  and  the  flask  cooled.  Into  the  vacuous  flask  10  c.c.  of  bariui 
hydrate  solution,  0*315  per  cent.,  tinted  with  phenolphthalein  are  run  i 
through  the  indiarubber  tube  by  placing  the  end  of  the  charged  pipette  i 
the  end  of  the  rubber  tube  and  carefully  loosening  the  clip  ;  the  glass  tul 
is  then  pushed  down  until  the  lower  end  nearly  reaches  the  bottom  of  tl 
Husk.  The  flask  is  now  connected  with  the  receiver  by  the  indiarubb 
connections,  the  clips  loosened,  und  the  liquids  in  receiver  and  retort  boile 
the  flask  being  cooled  in  water ;  if  the  rubber  tube  remains  flat,  this  is 
sign  that  no  air  has  leaked  in,  and  that  the  steam  has  not  sufficient  tensk 
to  do  any  damage.  Boiling  from  five  to  seven  minutes  expels  all  C02 ;  tl 
flames  are  then  removed,  the  rubber  tubes  clipped,  the  flask  finally  disco 
nected,  and  the  contents  titrated  with  oxalic  acid-  The  exact  amount 
c.  n.  oxalic  acid  required  to  neutralise  10  c.c.  of  the  baryta  water  deduct* 
from  that  required  to  neutralise  the  same  quantity  in  the  flask,  gives  tl 
requisite  data  for  calculating  the  C02.  10  c.c.  of  c.  n.  oxalic  acid  =  1 
mgrm.  of  carbon. 

A.  Wynter  Myth's  Method  of  Moist  Comlmstion. — Half  a  litre  of  tl 
water  to  be  examined  is  first  saturated  with  SO.,,  and  transferred  throuj 
the  thistle- headed  funnel  (fig.  76)  of  A  into  the  flask,  A.  This  is  a  stroi 
Florence  flask  of  about  600  c.c.  capacity,  having  a  side  tube,  the  side  tu 
being  connected  with  a  water  pump  and  a  mercury  apparatus  as  follows 
A  smaller  flask,  capacity  about  70  c c,  with  a  T-side  tube,  is  connect 
with  the  side  tube  of  A  by  means  of  a  rubber  cork.  There  is  a  Buna 
valve  at  v,  so  that  no  gas  or  liquid  can  run  back  into  A ;  one  limb  of  tl 
T-piece  is  connected  with  the  water  pump,  and  the  other  with  a  g 
burette  graduated  in  cubic  centimetres  and  tenths  of  cubic  centimetr 
charged  with  mercury,  and  provided  with  a  pressure  tube  and  a  stopcock 

There  are  also  suitable  clamps  on  the  rubber  parts.  The  measurh 
burette  is  first  filled  with  mercury  by  raising  the  pressure  tube,  P,  an 
when  filled,  shutting  off  by  means  of  the  stopcock  at  s ;  the  clamps,  t  ai 
g,  remain  open.  The  flask,  A,  is  placed  on  a  sand-bath,  the  water  pun 
set  going,  and  the  water  boiled  so  as  to  get  rid  of  free  S()2  ;  this  only  tak 
a  few  minutes.  Next,  about  20  c.c.  of  clear  saturated  baryta  water  a 
transferred  by  means  of  the  thistle  funnel  into  A,  without  letting  any  a 
in,  and  this  is  followed  by  10  c.c.  of  a  recently  boiled  1  per  cent,  perma 
ganate.  The  alkaline  solution  is  boiled  down  in  a  vacuum  almost 
dryness.  The  flask  is  then  raised,  cooled  slightly,  and  5  c.c.  of  organical 
pure  sulphuric  acid  diluted  with  about  20  c.c.  of  water  are  transfers 
through  the  funnel  in  the  same  way.  The  clip,  t,  on  the  tube  leading 
the  water  pump  is  screwed  down,  and  the  apparatus  put  in  conn ec tic 
with  the  gas  burette  by  opening  s.  The  flask,  A,  is  now  lowered  on  i 
the  sand-bath  and  allowed  to  boil ;  nearly  all  the  water  condenses  in  ] 
which,  at  the  beginning  of  this  part  of  the  operation,  is  almost  empt; 
the  condensed  vapour  from  the  former  operations  having  passed  away  1 
a  receiving  flask  connected  with  the  water  pump.  The  liquid  is  distille 
to  dryness  and  allowed  to  fume  for  about  an  hour.  With  ordinary  watei 
the  acid  fumes  are  arrested  in  B.  At  the  end  of  an  hour  the  flask  : 
removed  from  the  sand-bath,  allowed  to  cool  slightly,  and  then  recentl 
boiled  solution  of  ferrous  sulphate  run  in  through  the  thistle  funne 
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This  is  boiled  for  a  few  minutes,  and  lastly,  heat  is  applied  for  a  few 
minutes  to  B.  All  the  carbon  dioxide  is  now  in  the  gas  burette,  8  is 
•closed,  the  flame  removed,  and  the  gas  burette  detached  from  the 
■apparatus ;  it  is  allowed  to  cool,  and  the  gas  carefully  measured  by  bringing 
the  meniscus  of  the  pressure 
tube,  P,  on  an  exact  level 
with  that  in  the  measuring 
burette  and  reading  the 
ciumber  of  cubic  centimetres. 
The  height  of  the  barometer 
•and  the  temperature  is  also 
ascertained.  The  gas  is  now 
transferred  to  the  bulb 
.pipette  charged  with  potash, 
figured  at  p.  545,  the  bulb 
pipette  is  shaken,  the  un- 
. absorbed  gas  drawn  again 
into  the  measuring  burette, 
and  the  gas  again  measured. 
The  contraction  will  be  equal 
to  the  amount  of  C02.  The 
whole  readings  must  be  re- 
duced to  normal  temperature 
•And  pressure,  and  the  volume 
•of  C02  translated  into  parts 
by  weight  of  carbon. 

If,  instead  of  measuring 
ithe  carbon  dioxide  as  a  gas, 
the  analyst  prefers  to  absorb 
it  in  baryta  water,  the  burette  is  replaced  by  an  absorption  apparatus 
•consisting,  first,  of  a  bulb  containing  potassic  permanganate  solution,  and 
then  of  absorption  vessels  charged  with  clear  baryta,  the  last  vessel  being 
•connected  with  the  water  pump ;  the  carbonate  of  baryta  can  be  filtered  off 
under  xylene,  washed  with  hot  water,  dissolved  in  hydrochloric  acid, 
•evaporated  to  dryness,  and  converted  into  barium  sulphate  by  adding  a 
.little  sulphuric  acid  to  the  dry  residue  and  driving  the  excess  of  acid  off  by 
heat. 

The  advantage  of  this  method  of  making  a  moist  combustion  is  obvious. 
The  permanganate,  by  acting  first  in  alkaline  solution  in  a  vacuum,  at 
•once  fixes  those  volatile  organic  matters  which  in  boiling  down  would 
otherwise  be  lost ;  while  (except  for  a  few  minutes)  the  water  is  constantly 
under  the  influence  of  an  oxidising  medium,  which  is  not  the  case  with 
•other  processes. 

Gravimetric  Estimation  of  Minute  Quantities  of  Carbon. — Drs.  Dupre* 
and  Hake  in  1879 1  published  a  method  of  gravimetrically  estimating 
jminute  quantities  of  carbon  by  burning  up  in  a  current  of  pure  oxygen, 
and  then  absorbing  the  C02  thus  produced  in  baryta  water,  and  converting 
the  baryta  carbonate  into  baric  sulphate.  A  product  was  thus  obtained, 
-which  weighs  19  4  times  as  much  as  the  carbon  originally  present. 

The  details  of  the  process  are  as  follows  : — A  combustion  tube,  open 
at  both  ends,  and  about  24  inches  long,  is  drawn  out  and  bent  downwards 
.at  one  end  at  an  angle  of  120*,  so  that  it  may  be  conveniently  attached 
1  Journal  of  Chemical  Society,  March,  1879. 
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to  a  Pettenkofer's  absorption  tube,  the  other  end  being  connected,  by 
means  of  a  caoutchouc  stopper  and  glass  tubing,  with  an  oxygen  reservoir. 
This  combustion  tube  is  filled  half  way  from  the  bent  end  with  granulated 
oupric  oxide,  which  may  conveniently  be  held  in  position  either  by  plugs 
of  asbestos  or  by  platinum  wire  gauze,  or  by  a  combination  of  both.  The 
connection  with  the  oxygen  reservoir  being  then  made,  the  greater  pari 
of  the  tube  is  heated  to  redness,  with  the  ordinary  precautions,  and  a 
stream  of  oxygen  (which  is  first  conducted  through  a  long  tube  containing 
caustic  potash)  is  passed  over  the  glowing  oxide  of  copper  until  the 
issuing  gas  ceases,  after  long  bubbling,  to  cause  any  turbidity  in  the 
bright  baryta  water.  As  soon  as  this  point  is  reached,  the  portion  of  the 
combustion  tube  preceding  the  layer  of  cupric  oxide  is  allowed  to  cool 
somewhat,  and  the  tube  is  now  ready  to  be  connected  with  the  absorptior 
apparatus.  The  clean  absorption  tube  is  carefully  rinsed  with  water,  and 
is  clamped  in  front  of  the  furnace,  in  such  a  manner  that  its  bulb  end  it 
somewhat  higher  than  the  end  to  be  connected  to  the  combustion  tube 
Both  ends  must  be  provided  with  convenient  stoppers,  consisting  of  short 
pieces  of  caoutchouc  tubing  closed  with  a  small  piece  of  glass  rod.  Th< 
stoppers  being  removed,  air,  which  is  first  caused  to  pass  through  a  tut* 
containing  caustic  potash,  is  pumped  through  the  tube  for  about  twe 
minutes,  and  it  is  then  filled  with  baryta  water  as  follows : — The  baryta 
water  (of  strength  1*5  per  cent.)  is  kept  in  a  sufficiently  large  stoci 
bottle,  provided  with  a  caoutchouc  stopper,  through  which  pass  tw< 
bent  glass  tubes,  the  long  one  for  syphoning,  the  shorter,  to  which  \ 
potash  tube  is  attached,  being  connected  with  a  small  hand-bellows.  Ii 
filling  the  absorption  apparatus,  the  longer  syphon  tube  is  connected  witl 
it  by  means  of  flexible  tubing,  and  the  baryta  water  is  forced  over  bj 
gentle  pressure  of  the  bellows,  the  bulb  end  of  the  absorption  apparatui 
being  provided  with  a  potash  tube.  As  soon  as  the  absorption  apparatu 
is  half  filled,  the  flow  of  baryta  water  is  arrested  ;  the  ends  of  the  Petten 
kofer  tube  are  immediately  closed  by  its  stoppers,  and  is  now  ready  fo 
use.  By  these  means  the  tube  is  filled  with  perfectly  clear  and  brigh 
baryta  water.  The  absorption  apparatus  is  now  connected  with  th< 
combustion  tube,  and  the  combustion  proceeded  with.  .  The  silver  dial 
containing  the  water  residue  having  been  inserted  just  behind  the  coppe 
oxide,  if  is  burnt  in  a  slow  current  of  oxygen,  and  the  carbon  dioxide  i 
absorbed  and  converted  into  baric  carbonate  in  the  absorption  tube.  Ii 
order  to  filter  off  and  convert  the  baric  carbonate,  a  funnel  and  filter  an 
arranged  to  stand  over  a  beaker  containing  a  layer  of  caustic  potasl 
solution  at  the  bottom,  the  whole  being  covered  by  a  bell  jar,  which  itsel: 
stands  in  a  layer  of  caustic  potash  solution.  The  mouth  of  the  bell  jar. 
which  is  immediately  over  the  funnel,  is  closed  by  a  thick  caoutchouc  cap 
with  two  narrow  openings,  one  of  which  is  provided  with  a  caustic  potash 
tul>e.  (Soda  lime  apparently  answers  equally  well.)  The  other,  which  is 
temporarily  stoppered,  contains  a  straight  glass  tube,  placed  immediately 
over  the  filter  so  that,  after  the  whole  arrangement  has  been  left  some 
time  to  itself,  in  order  that  all  enclosed  air  may  be  free  from  CO.,,  direct 
connection  may  be  made  with  the  Pettenkofer  tube  by  means  of  flexible 
tubing  sufficiently  long  to  admit  of  some  slight  freedom  of  action. 
Filtration  may  thus  be  carried  on  without  danger  of  CO.,  being  introduced 
from  the  atmosphere,  the  additional  precaution  being  taken  of  compelling- 
■dl  air  which  passes  through  the  Pettenkofer  tube  during  this  process  of 
tration,  to  pass  through  a  tube  containing  caustic  potash  attached  to  the 
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tube  itself.  The  washing  of  the  precipitate  in  the  tube  and  on  the  filter 
is  effected  almost  entirely  with  boiling  water,  which  has  been  previously 
saturated  with  carbonate  of  barium  [solubility  1  in  15,000],  but  finally 
with  a  small  quantity  of  boiling  distilled  water.  After  complete  washing 
the  tube  is  disconnected,  and  the  filter  ultimately  rinsed  round,  while 
still  under  the  bell  jar,  by  means  of  the  long  tube  already  mentioned,  and 
which,  when  not  clamped,  may  be  moved  freely  in  all  directions.  The  bell 
jar  is  then  removed,  and  the  precipitate  is  rapidly  washed  together  into 
the  bottom  of  the  filter. 

The  Pettenkofer  tube,  which  may  contain  minute  particles  of  baric 
carbonate  not  removed  by  the  washing,  is  rinsed  twice  with  small  quantities 
of  dilute  pure  hydrochloric  acid  (about  1  in  50),  and  finally  with  distilled 
water :  the  rinsings  are  poured  on  to  the  filter  on  which  the  greater  mass 
of  baric  carbonate  is  already  collected.  The  filter  is  further  washed  with 
dilute  hydrochloric  acid,  and  finally  with  distilled  water :  and  the  whole  of 
the  solution  of  baric  chloride  so  formed  is  carefully  collected  in  a  small 
beaker.  The  quantity  of  such  solution  need  not  exceed  50  c.c.  This  solution 
of  chloride  of  barium  has  next  to  be  evaporated,  which  is  best  done  in  a 
platinum  vessel  on  the  water-bath.  It  is  then  transferred,  when  greatly 
decreased  in  bulk,  to  a  much  smaller  platinum  dish,  weighing  about  5  gnus., 
and  finally  evaporated  to  dryness  after  the  addition  of  a  few  drops  of  pure 
sulphuric  acid  The  dish  and  its  contents  have  then  to  be  ignited,  the 
residue  moistened  with  a  drop  of  nitric  acid  and  redried,  and  the  whole  re- 
ignited  and  weighed  to  conclude  the  operation.  The  amount  of  carbon 
present  is  obtained  by  dividing  the  weight  of  the  baric  sulphate  by  19*4. 

NephcUometric  Method, — This  ingenious  method  we  also  owe  to  Duprd 
and  Hake.  The  carbonic  acid  resulting  from  the  combustion  of  an  organic 
residue  is  passed  into  perfectly  pure  clear  solution  of  basic  lead  acetate,  and 
the  turbidity  produced  is  imitated  by  known  weights  of  C02 ;  in  fact,  the 
oj>eration  is  a  colour  method  conducted  on  the  same  principle  as  '  Nessleri- 
sing,'  with  this  important  difference,  that  no  success  will  be  obtained  unless 
there  are  special  precautions  taken  to  prevent  the  contamination  of  the 
solutions  by  the  breath  and  air,  etc. 

§  373.  The  Estimation  of  Organic  Nitrogen  after  Kjeldald's  Method. — 
Half  a  litre  of  the  water  is  placed  in  a  retort  and  the  free  ammonia  distilled 
oif.  Then  5  to  10  c.c.  of  diluted  sulphuric  acid  are  added,  and  the  water 
concentrated  down  on  a  sand-bath  until  the  acid  fumes.  The  acid  is 
allowed  to  fume  for  about  half  an  hour,  or  until  it  is  almost  colourless. 
The  acid  solution  is  then  cooled,  diluted,  alkalised  with  pure  soda  lye,  and 
the  liquid  distilled,  the  alkaline  distillate  being  neutralised  with  decinormal 
sulphuric  acid,  each  c.c.  of  which  is  equal  to  1*4  mgrm.  of  nitrogen.  This 
simple  process  is  applicable  to  most  pure  waters  containing  but  little  organic 
matter  and  feeble  nitrates.  On  the  other  hand,  it  will  not  give  accurate 
results  with  waters  containing  much  nitrate  or  much  organic  matter.  In 
such  a  case  the  following  is  the  best  method  : 1 — Half  a  litre,  as  before,  is 
taken.  The  water  (after  getting  rid  of  the  free  ammonia)  is  saturated  with 
802,  and  a  drop  of  iron  chloride  solution  added ;  it  is  then  gently  heated 
for  about  twenty  minutes ;  and  is  next  boiled  down  to  about  20  c.c.  To 
this  residue  is  added  20  c.c.  of  sulphuric  acid  containing  4  grms.  of  phos- 
phorus pentoxide  and  then  0*12  grm.  of  anhydrous  copper  sulphate  and  5 
drops  of  platin  chloride  solution.  The  contents  of  the  flask,  closed  by  a 
glass  marble,  are  heated  gradually  to  a  gentle  boil,  and  the  heating  continued 
1  Ulsch,  Zeitschriftf.  analyt.  Chemic,  xxv.  579. 
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until  the  fluid  remains  of  a  green  colour.  After  cooling,  the  acid  fluid  k 
diluted,  alkalised  by  ammonia-free  soda  solution,  a  little  granulated  zinc 
added,  and  the  whole  distilled  into  a  measured  volume  of  decinormal 
sulphuric  acid.  The  decinormal  acid  arrests  any  ammonia,  and  on  titrating 
the  distillate  with  d.  n.  soda,  there  will  be  a  loss  of  acidity  proportionate  to 
the  ammonia,  from  which  (as  before)  the  amount  of  nitrogen  can  be 
calculated.  There  has  been  found  a  slight  practical  difficulty  in  thus 
titrating  ammonia  with  the  greatest  accuracy,  and  Kjeldahl 1  has  therefore 
recommended  the  utilisation  of  the  reaction  which  takes  place  between  a 
free  acid  and  iodide  and  iodate.  This  reaction  (denoting  free  acid  by  HR, 
takes  place  as  follows  : — 

6HR  +  5KI  +  KIO  =  6KR  +  3H20  +  61. 

To  the  acid  distillate  is  added  0*4  grm.  of  potassium  iodide  and  01 
grm.  of  potassic  iodate;  after  standing  two  hours  the  iodine  set  free  is 
estimated  by  means  of  a  decinormal  thiosulphate  solution,  the  strength  of 
which  has  been  checked  and  adjusted  by  the  aid  of  a  decinormal  iodine 
solution. 

An  example  will  make  the  calculation  clear. 

The  distillate  from  half  a  litre  of  water  was  submitted  to  KjeldahTs 
process,  and  was  received  in  30  c.c.  decinormal  sulphuric  acid.  Potassic 
iodide  and  iodate  were  added  thereto  (as  above  described),  and  the  mixture 
allowed  to  stand  two  hours ;  at  the  end  of  that  time  the  free  iodine  was 
estimated  by  means  of  a  decinormal  thiosulphate  solution,  using  starch  as 
an  indicator;  25*9  c.c.  of  thiosulphate  were  used.  Since  30  c.c.  of  thio- 
sulphate are  equivalent  to  30  c.c.  of  decinormal  acid,  it  is  clear  that 
30  -  25  9 — that  is,  4*1  c.c.  of  free  acid— have  been  saturated  with  ammonia ; 
hence  the  distillate  contains  4*1  c.c.  xl'4  m grm.  =  5*74  mgrms.  nitrogen, 
and  the  water  contains  11*48  mgrms.  per  litre  or  11'48  parts  per  million  of 
organic  nitrogen. 

12.  Mineral  Analysis  of  Water.2  —  Ordinary  drinking  water  holds 
dissolved  but  few  saline  matters,  and  when  an  analyst  has  determined 
chlorine,  nitrates,  sulphates,  phosphates,  and  carbonates,  and  also  lime  and 
magnesia  and  alkalies,  he  will  usually  find,  on  adding  the  several  amounts 
together,  that  he  gets  numbers  very  nearly  equal  to  the  solid  saline  residue. 

An  excellent  method  of  approximately  estimating  the  various  saline  constituents  of  s 
water  is  to  eva]>orate  down  to  dryness  a  known  quantity,  then  to  treat  the  residue  with  a 

1  Kjeldahl,  ib.,  xxii.  866. 

2  A  method  of  determining  calcium  and  magnesium  has  been  described  by  Professor 
C.  L.  Bloxain  (Cfiem.  News,  1886) ;  it  defends  upon  the  precipitation  of  calcium  and 
magnesium  as  ammonia-arsenates,  and  is  sj>ecially  applicable  to  their  separation  from 
strontium  salts.    The  determination  of  calcium  as  ammonia-arsenate  in  ordinary  drinking 
waters  has  some  advantage— the  precipitate  is  as  nearly  insoluble  in  water  as  calcium 
oxalate,  and  being  highly  crystalline  is  not  liable  to  run  through  the  filter — the  formula 
of  the  precipitate  dried  at  100°  C.  is  Ca6NH4H?(As04)6.3H20,  and  100  parts  are  equal  to 
20  of  calcium  or  50  calcic-carbonate.    If  a  rapid  determination  be  desired,  arsenic  acid  is 
added  to  J  of  a  litre  in  water,  which  is  then  strongly  alkalised  by  ammonia.    The  mixture 
is  well  stirred,  and  allowed  to  stand  for  ten  minutes,  the  precipitate  is  then  collected  on 
a  weighed  filter,  washed  with  ammonia  water  (8 '5  j>er  cent),  and  dried  at  100°  C.  The 
gain  in  weight  represents  the  united  magnesic  and  calcic  ammonia-arsenates.    The  pre- 
cipitates are  now  dissolved  off  the  filter  by  acetic  acid,  and  the  calcium  precipitated  as 

xalate  by  ammonium  oxalate,  the  solution  boiled  and  filtered.    On  adding  to  the  filtrate 
monia,  the  ammonia-magnesium  arsenate  is  in  this  way  reprecipitated,  and  may 
Elected  on  a  weighed  filter,  washed  with  ammonia  water,  ana  dried  at  100°  C.  ;  its 
nation  is  (MgNH4As04iHaO) ;  100  parts  are  equal  to  44*2  of  magnesium  carbonate. 
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little  hot  water,  which  will  dissolve  all  the  soluble  salts  out,  but  leave  insoluble 
carbonates  of  lime  and  magnesia,  and  silica.  In  the  soluble  portion,  the  soluble  salts 
of  the  alkaline  earths  and  the  alkalies  are  determined  ;  the  chlorides,  suhihates,  and 
nitrates  are  estimated  in  the  un  concentre  ted  water  by  the  processes  already  detailed. 
It  is  also  always  open  to  make  the  analysis  in  the  old-fashioned  way —that  is,  to  evaporate 
down  a  large  quantity  of  water,  to  separate  the  silica  by  treatment  of  the  ash  or  residue 
with  hydrochloric  acid,  and  after  separation  of  the  silica  to  divide  the  solution  into  three 
or  four  quantities,  in  which  sulphuric  acid,  lime,  magnesia,  etc.,  are  determined  by  the 
ordinary  methods. 

W.  W.  Fisher 1  has  suggested  a  very  good  method  of  checking  the  mineral  analyses 
of  water,  which  is  also  applicable  to  the  indirect  determination  of  alkalies.  He  calculates 
the  molecular  proportions  of  the  bases  and  acids  present  ;  if  the  analysis  is  correct,  they 
should  very  nearly  correspond.    The  following  example  explains  itself. 

Total  Solids  dried  at  100°  C.  -  243*00  ;  dried  at  240°  C.  =  230*00. 


Bases. 


Soda,  Na.20,  .  . 
Magnesia,  MgO, 
Lime,  CaO,   .  . 

Total,  .  . 


Grains 

gallon. 
5314 
11-99 
35-28 

100-41 


Mol. 
weight. 


Mol. 
propor- 
tions. 


62  =  0-8571 


40 
56 


0299 
0*630 

17861 


Cl2,  . 

so3,  . 

C03f  . 
N208. 


Grains      X|  ,  Mol. 

I**  weight  ProP0'* 
gallon.    W«,K»*.  tloiis. 

18-00  -r    71  =  0-2535 

103  88  t   80  =  1-2985 

9*55  -r    44  =  0-2170 

0  84  -r  108  =  0*0077 


Total,  .  132-27 
Deduct  O  =  Cl2=4'07 


1-7767 


128-20 


Thus  total  salts  =  228*61,  and  the  difference  will  be  due  to  silica  and  oxide  of  iron. 
It  is  obvious  that  if  the  soda  be  unknown  it  may  be  easily  calculated  if  we  assume  the 
molecular  proportions  of  the  total  bases  =1*7767. 


III.  Biological  Methods. 

§  374.  Microscopical  Appearances. — To  make  a  microscopical  examina- 
tion of  water,  it  is  necessary  to  collect  the  sediment  or  deposit  which  falls 
to  the  bottom  of  the  vessel  in  which  the  water  stands.  A  convenient  way 
of  doing  this  is  to  use  the  tube  (fig.  77),  which  holds  a  little  more  than  a 
litre.  The  little  glass  cell,  C,  is  adjusted  to  the  pipette-like  end,  the  rod 
is  removed,  and  after  introduction  of  the  water  the  tube  is  covered  and 
set  aside  for  twenty-four  hours.  At  the  end  of  that  time  any  deposit  will 
have  collected  in  the  glass  cap.  On  now  carefully  inserting  the  rod-like 
stopper,  the  cap  or  cell  can  be  removed  with  great  ease,  and  its  contents 
submitted  to  microscopical  examination.  With  very  pure  waters  merely 
a  little  sand  or  formless  debris  collects  in  the  cap,  and  there  is  no  life. 
If,  however,  in  the  first  place  eight  or  ten  gallons  are  allowed  to  deposit 
in  a  capacious  vessel,  most  of  the  water  run  off,  and  then  the  last  litre 
rinsed  into  the  tube,  in  nearly  every  case  there  may  be  a  few  life-forms 
and  sufficient  matter  collected  to  give  definite  results.  It  need  scarcely  be 
said  that  an  opinion  must  not  be  formed  upon  a  microscopical  examination 
without  taking  into  account  the  amount  of  water  from  which  the  sediment 
has  been  collected,  and  a  definite  quautity  should  be  generally  agreed  on 
by  analysts. 

The  Sedgwick-Rafter  Method.2 — This  ingenious  method  of  obtaining  a 
quantitative  estimation  of  organisms  and  objects  in  water  is  in  use  by  the 

1  Analyst,  May,  1902. 

2  Massachusetts  State  Board  of  Health  Report.    Boston,  1890. 
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Massachusetts  biologists.  A  brass  gauze  stop  is  put  iu  the  mouth  of  & 
funnel,  and  on  this  stop  is  packed  a  layer  of  sharp  quartz  sand  ;  the  sand 
grains  should  pass  through  a  sieve  80  meshes  to  the  inch,  but  not  through 
a  sieve  100  to  the  inch.  Whipple 1  prefers  pure  ground  quartz.  On  to 
this  sand  is  poured  a  convenient  quantity  of  the  water  (say  500  c.c),  well 
shaken,  so  as  to  get  a  fair  sample.  The  sand  and  organisms, 
when  filtration  is  complete,  but  before  the  sand  has  become  dry, 
are  washed  into  a  test-tube,  with  from  3  to  5  c.c.  of  distilled 
water.  The  tube  is  shaken  thoroughly,  the  sand  allowed  to 
settle  for  a  moment*  and  the  water  quickly  decanted.  This 
procedure  leaves  the  sand,  but  transfers  most  of  the  organisms. 
1  c.c.  of  the  liquid  is  placed  on  a  counting-plate,  consisting  of  a 
shallow  cell  with  a  brass  border,  the  cell  holding  exactly  1  c.c 
A  fractional  part  of  the  field  is  now  observed,  and  the  organisms 
counted  therein ;  in  order  to  do  this,  the  slide  is  ruled  into 
millimetre  squares,  or  a  metal  disc  is  fitted  into  the  eye-piece  with 
a  square  hole  cut  in  its  centre,  the  area  of  the  square  hole  being 
such  that  with  the  powers  used  it  just  covers  a  square  millimetre. 

The  Massachusetts  biologists  have  by  this  method  examined  an 
enormous  number  of  waters;  some  having  been  examined  on 
several  days  in  each  month  in  the  year.  The  method  of  recording 
and  tabulating  the  results  are  shown  in  Table  LXVII.,  giving  the 

r1"  ™  biological  results  of  the  water  supply  of  Nantucket.  This  water 
supply,  owing  to  the  increase  of  Anabstmi  (one  of  the  blue-green 
ysj  algae),  in  the  months  of  August,  September,  and  October  smells 
jlc    and  tastes  offensively. 

Dibdiris  Process. — A  better  method  than  the  Sedg wick-Rafter 
Fig.  77.  process  is  that  which  has  been  invented  by  the  late  chemist  to  the 
London  County  Council  (Mr.  Dibdin).  A  litre  of  the  water  (or 
less,  should  the  water  contain  much  suspended  matter)  is  filtered  through 
hard  filter  paper.  The  deposit  is  washed  off  the  filter  paper  into  what 
is  called  a  "micro-filter."  The  micro-filter  is  prepared  as  follows  : — A 
piece  of  clean  combustion  tubing  is  drawn  out  into  a  capillary  tube  of  a 
diameter  of  2  mm.  The  open  small  end  is  plugged  by  a  paste  made  of 
equal  parts  of  air-dried  clay  and  kieselguhr.  This  plugged  end  is  dried  in 
the  Bunsen  flame,  and  ultimately  heated  to  redness.  The  residue  from  the 
water  is  now  placed  in  this  micro-filter,  and  the  micro-filter  is  fitted  into- 
any  convenient  flask  or  bottle  by  means  of  an  india-rubber  plug  attached 
by  a  side  tube  to  a  good  water-pump,  and  the  superfluous  liquid  drawn 
through,  until  only  about  1  to  1  '5  c.c.  remain.  The  sediment  and 
suspended  matter  are  thus  collected  in  the  form  of  a  compact  cylinder  just 
above  the  porous  filtering  substance,  and  are  now  carefully  measured,  the 
results  being  expressed  in  millimetres  per  litre.  The  cylinder  of  deposit  is 
removed  by  scratching  the  tube  with  a  sharp  file  about  half  an  inch  from 
the  filter  plug  and  breaking  it  off.  A  platinum  wire  is  pushed  in  so  as  to- 
loosen  the  deposit  from  the  porous  plug.  Upon  inverting  the  tube,  open 
end  downwards,  the  deposit  falls  away  from  the  plug  towards  the  open  end. 
The  tube  is  then  cut  close  to  the  plug  and  the  plug  removed.  On  holding 
the  little  tube,  now  open  at  both  ends,  and  giving  it  a  downward  shake, 
the  whole  of  the  deposit  can  be  transferred  in  about  a  drop  of  water  to  a 
microscope  slide  and  examined  in  the  ordinary  way ;  afterwards  portions  of* 

1  The  Mierosco)>y  of  Drinking  Water,  by  G.  C.  Whipple,  1899. 
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TABLE  LXVIL— Microscopical  Examination  of  Water  from  Wannacomet  Pond, 
Nantucket.   Number  of  Organisms  per  Cubic  Centimetre. 


(25th  Annual  Report  of  Slate  Board  of  Health,  Massachusetts,  233.) 
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the  deposit  may  be  stained  with  aniline  dyes,  cultivated  and  otherwise 
investigated.1 

1.  Lifeless  Forms. 

1.  Mineral  Matters,  especially  sand,  clay,  and  not  unfrequently  fine 
spicula  of  glass  derived  from  the  glass  pipette,  etc. 

2.  Vegetable  Matters. — In  shallow  pools,  in  rivers,  reservoirs,  and,  in  fact, 
all  open  waters,  the  iuicroscopist  seldom  fails  to  find  vegetable  debri*  in  the 
shape  of  dotted  ducts,  spiral  vessels,  parenchymatous  cells,  bits  of  cuticle 
with  the  hair  still  adhering,  the  down  of  seeds,  roots  of  duckweed,  bits  of 
chara,  etc.  It  depends  on  the  amount  as  to  what  conclusions  are  to  be 
drawn;  but  this  is  certain,  that  a  water  showing  these  matters  is  not 
likely  to  be  from  a  deep  spring,  but  one  over  which  the  atmosphere  more 
or  less  freely  plays. 

3.  Dead  Animal  Matters — (a.)  Purely  Animal,  such  as  hairs  from 
domestic  or  wild  animals,  striped  muscular  tissue,  the  scales  of  moths, 
butterflies,  or  other  lepidoptera,  eggs  of  entozoa  (which,  of  course,  may,  for 
aught  we  know,  be  living). 

(b.)  Human  Debris. —  Human  hair,  human  epithelium. 

(c.)  Manufactured  Matters. — Wool,  silk,  etc.  All  animal  matters, 
whether  derived  from  insect,  human,  or  domestic  animal  life  cannot  be 
considered  a  favourable  indication ;  and  even  the  presence  of  cotton,  silk, 
hemp,  and  the  like,  though  innocuous  in  themselves,  yet  afford  evidence 
that  the  water  is  in  such  a  position  as  to  be  liable  to  accidental  con- 
tamination. 

2.  Lining  Forms. 

Microscopic  organisms.  These  may  be  conveniently  considered  as  (a) 
Vegetable,  (b)  Animal,  although  a  division  is  sometimes  difficult. 

(a)  Vegetable. — Putting  aside  for  the  moment  Bacteria  or  Schizom ycetee 
the  most  common  living  vegetable  forms  are  the  following: — Beggiatoa, 
Crenothrix,  Cladothrix — then  there  are  confer  vse,  oscillatoria,  volvocinse, 
desmids,  diatoms,  etc.  To  these  may  be  added  the  green,  or  sometimes 
red,  cells  of  palmellce,  and  the  moving  reproductive  spores  of  confervoids, 
charge,2  etc.  Those  forms  which  possess  cells  holding  'chlorophyll 
denote  water  which  is  exposed  to  daylight. 

Beggiatoa. — There  are  several  species  of  Beggiatoa;  the  commonest 
being  Beggiatoa  alba.  Beggiatoa  forms  long  flexible  threads,  1  to  5  mm 
in  diameter,  containing  a  number  of  round  bodies.  It  grows  on  dead 
vegetable  and  animal  matters,  sometimes  in  enormous  quantities.  The 
senior  author  has  seen  the  bottom  of  a  polluted  brook  lined  with  it  foi 
the  extent  of  half  a  mile.  The  attached  part  of  the  thread  is  thinnei 
and  shows  divisions  into  segments  with  but  few  particles,  but  toward* 
the  free  end  the  segments  become  less  obvious  and  bright  round  coloured 
particles  more  numerous.  These  particles  consist  mainly  of  sulphur 
The  free  ends  are  occasionally  liberated,  and  give  rise  to  a  swarm  of  spiral 
threads  which  (under  the  name  of  Ophidomonas)  were  formerly  classed  ac 
a  distinct  genus. 

1  Analyst,  1895. 

9  For  a  full  account  of  all  the  organisms  (except  bacteria)  to  be  found  in  drinking 
waters  from  all  sources  the  reader  is  referred  to  the  excellent  work  by  G.  C.  Whipple, 
.  The  Microscopy  of  Drinking  Water. 
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The  growth  of  Begyiatoa  is  favoured  by  organic  matter  and  sulphur 
compounds;  hence  its  presence  usually  denotes  sewage  pollution. 

Leptothrix  is  another  thread  form  met  with  in  waters.  A  few  botanists 
consider  it  to  be  simply  a  stage  in  the  life  of  Crenothrix  and  Cladothrix ; 
but  the  majority  consider  it  a  distinct  genus. 

Leptothrix  ocfiracea  forms  thin  threads  stained  yellow  or  yellow-red 
by  a  deposition  of  iron  oxide  in  the  sheath. 

Crenothrix  forms  a  brown  slimy  precipitate  consisting  of  fine  threads 
from  1  '5  mm.  to  5  mm.  in  diameter.  The  threads  are  composed  of  oblong 
cells,  the  cell  divisions  being  evident.  Old  cells  are  often  coloured  by 
iron  oxide.  Some  of  the  cells  develop  spores  which  form  masses  of 
brownish  scum.  These  grow  to  fresh  threads.  Sometimes  the  spores 
grow  within  the  cell  to  new  threads,  and  then  the  new  threads  break 
through  the  cell,  forming  a  bundle  of  fine  filaments.  Old  threads  may 
show  no  sign  of  division  into  cells. 

Cladothrix  is  similar  to  Crenothrix,  but  the  threads  are  of  less  diameter. 
It  may  always  be,  however,  distinguished  from  Crenothrix  by  the  threads 
dividing  dichotomously,  hence  the  name  Cladothrix  dicJiotoma. 

Desmids,  beautiful  microscopic  algae,  consisting  always  of  two 
symmetrical  cells,  are  in  colour  remarkably  green :  one  of  the  most 
common  is  a  species  of  Closterium  (fig.  78).  Desmids  have  been  referred 
to  by  Dr.  Macdonald  as  rather  indicating  a  good  water. 
It  is  true  that  desmids  occurring  by  themselves,  with  no 
other  indication  of  animal  and  vegetable  life,  could  in 
no  way  be  pronounced  injurious.  The  fact,  however, 
remains  that,  as  a  result  of  many  years'  experience  in  the 
almost  daily  analysis  of  water,  the  writers  have  never 
found  desmids  except  in  more  or  less  surface  supplies 
of  water  abounding  with  impurity.  The  diatoms,  which 
are  composed  of  a  siliceous  skeleton  clothed  by  a  sarcode 
.    substance,  consist,  like  the  desmids,  of  two  exactly 

similar  parts ;  they  possess  no  chlorophyll,  and  are  now  Fio.  78.    Fio.  79. 
considered  either  as  a  class  or  order  of  the  Algae  or  as 
an  independent  group.     Fig.  79  is  Diatoma  mdgare,  very  frequently 
found,  and  by  itself  certainly  affording  no  indication  of  a  bad  water.  In 
fact,  diatoms  generally  are  of  little  importance. 

§  375.  Bacteiw. — The  simplest  and  lowest  forms  of  plant-life  are  called 
bacteria  or  Schizomycetes.  They  are  for  the  most  part  exceedingly  small 
cells,  the  width  being  generally  about  0  5/i  and  the  lengths  about  1  ft 
(the  /a  is  jjyifjj  mm.  or  ^.Jotf  in.),  but  the  smaller  proportion  may  range 
beyond  the  sizes  given,  or  from  0*15  /i  to  5  fx,  or  in  the  case  of  the  sulphur 
bacteria  to  20  p  or  more  in  width,  while  the  length  in  some  exceptional 
cases  may  exceed  100/x.  The  cells  are  in  many  cases  single;  in  some 
instances  they  are  in  pairs  (as  in  Diplococcus),  or  in  chains  of  two,  three 
or  more  (as  in  Streptococcus),  and  in  yet  other  instances  they  form  masses. 
The  form  of  the  cells  is  spherical,  oval-shaped  or  spiral  in  the  vegetative 
state,  and  nail-headed,  clubbed,  fusiform  or  somewhat  dumb-bell  shaped  in 
the  sporing  conditions.  When  actively  growing,  the  multiplication  is  by 
fission ;  but  in  some  species,  when  growth  is  checked  by  unfavourable 
conditions,  spores  are  formed.  These  spores  correspond  to  the  seed  of 
higher  plants,  and  are  endowed  with  extraordinary  powers  of  resisting 
extremes  of  cold  and  heat,  desiccation  and  other  influences  which  are 
fatal  to  the  vegetating  individuals.    With  few  exceptions,  they  are  devoid 
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It  is  thus  evident  that  the  changes  that  water  may  undergo  are  rapid, 
and  it  is  necessary  to  exercise  great  care  and  speed  in  their  examination 
and  to  place  but  little  reliance  upon  the  absolute  number  of  bacteria  present. 
For  although  the  number  of  bacteria  may,  and  usually  does  if  excessive, 
indicate  that  a  large  amount  of  organic  matter  is  present,  it  gives  no 
indication  as  to  the  origin  of  this  organic  matter,  or  whether  the  bacteria 
present  are  likely  to  be  harmful.  An  estimation  of  the  number  of  bacteria 
present  is,  however,  of  great  value  if  constant  examinations  of  the  same 
supply  are  being  made,  or  when  comparing  different  portions  of  the  same 
supply  or  when  testing  the  efficacy  of  filters,  etc.  Of  more  value,  as  an 
indication  of  pollution,  is  an  estimation  of  the  different  varieties  of  organisms 
present.  It  is  often  useful  to  also  estimate  the  number  of  spores  of  bacteria, 
the  number  of  gelatin-liquefying  bacteria,  and  the  number  of  bacteria 
capable  of  multiplying  at  blood  heat,  a  temperature  unsuitable  to  the 
majority  of  harmless  water  organisms. 

But  in  the  present  state  of  our  knowledge,  since  no  convenient  and 
•certain  method  has  been  devised  for  isolating  B.  typhosus  from  the  number 
of  more  hardy  organisms  which  invariably  accompany  it,  chief  reliance 
has  to  be  placed  upon  the  isolation  of  organisms  of  the  Bacillus  coli 
•communis  group.  These  organisms  are  contained  in  large  numbers  in  all 
Animal  excreta,  and  the  work  of  Theobald  Smith,  of  Klein  and  others 
has  demonstrated  beyond  doubt  that  the  presence  of  Bacillus  coli  and  its 
near  allies  in  drinking  water,  in  anything  but  the  smallest  numbers,  is 
•conclusive  evidence  of  sewage  contamination.  Since,  however,  these 
organisms  are  widely  distributed  in  dust,  etc.,  a  few  may  be  found  in  good 
waters,  if  they  have  been  exposed  to  the  air.  The  cause  of  the  presence  of 
B.  coli  should  always  be  sought,  and  a  water  persistently  found  to  contain 
this  organism  should  not  be  declared  absolutely  safe  for  use  as  a  drinking 
water  until  it  is  known  that  the  organisms  are  not  derived  from  sewage 
pollution.  In  undoubtedly  polluted  waters,  from  four  organisms  of  the 
•Coli  group  to  many  thousands  may  be  found  in  100  c.c.  of  the  water, 
and  they  will  always  be  found  associated  with  a  great  variety  of  other 
organisms.  Bacillus  (Proteus)  vulgaris  and  Bacillus  sporogenes  enteritxdis 
(Klein)  should  also  be  looked  for,  as  they  are  always  present  in  sewage 
in  large  numbers. 

Streptococci  and  Staphylococci  may  be  sometimes  looked  for ;  as  Houston 
has  recently  pointed  out,  their  presence  is  very  strong  evidence  as  to  recent 
contamination. 

Only  in  very  special  cases  need  Cholera  vibrios  and  the  spores  of  Anthrax 
be  sought  for ;  fortunately  the  isolation  of  these  organisms  presents  no 
great  difficulty. 

Only  those  organisms  associated  with  sewage  contamination  will  be 
•described  here.  The  reader  is  referred  to  the  special  works  on  the  bacteriology 
of  water  (as,  for  instance,  P.  G.  and  C.  Frankland's  Micro-organisms  in 
Water,  1894)  for  a  full  description  of  the  many  organisms  to  be  met  with, 
«uid  to  any  of  the  many  works  on  practical  bacteriology  for  the  methods 
of  culture,  staining,  etc. 

Total  Numbers  of  Organisms  growing  at  22°  C.  —  The  organisms 
contained  in  a  definite  volume  of  water  capable  of  growing  on  standard 
nutrient  gelatin  are  usually  spoken  of  as  total  numbers  of  organisms, 
although  this  number  does  not  represent  all  the  organisms  contained  in  the 
water.  In  estimating  the  total  numbers,  the  following  precautions  should 
be  observed. 
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(1)  The  sample  should  be  examined  as  soon  as  possible  after  taking;  i 
the  time  of  taking  if  possible. 

(2)  The  nutrient  gelatin  used  should  be  of  a  definite  alkalinity  and  1 
always  prepared  in  the  same  manner. 

(3)  A  definite  incubation  temperature  (22*  C)  should  be  used ;  on  i 
account  should  plates  be  allowed  to  incubate  at  the  temperature  of  tl 
room  or  any  other  indefinite  temperature. 

(4)  Not  more  than  50  or  100  organisms  should  be  allowed  to  grow  up 
one  ordinary  Petri  dish ;  since  if  organisms  are  crowded  together  many 
not  grow. 

The  actual  operation  of  estimating  total  numbers  is  simple.  £ 
standard  nutrient  gelatin  tul>es  (see  infra)  are  taken,  and  the  gelal 
gently  melted  at  40°  C.  The  water  to  be  tested  is  shaken  up,  ai 
1  c.c,  0  5  c.c.  or  *2f>  c.c.  injected  into  each  of  the  gelatin  tubes  by  mea 
of  a  sterile  pipette ;  after  mixing,  the  contents  of  the  tube  are  at  on 
poured  into  a  sterile  Petri  dish,  and  allowed  to  set  in  a  cold  place.  T 
used  tube  is  replugged  with  its  scorched  cotton  wool,  and  held  under 
stream  of  cold  water,  while  it  is  slowly  rolled  so  as  to  cause  the  gelatin 
set  evenly  round  the  sides  of  the  tube.  This  tube  and  the  Petri  dis 
which  must  l>e  inverted  when  the  gelatin  has  set,  are  placed  in  t 
incubator  at  22°  C,  and  examined  every  day,  the  colonies  being  dotted  > 
with  an  ink  sjKjt  on  the  base  of  the  Petri  dish  as  they  appear.  If  t 
water  is  suspected  of  being  very  rich  in  organisms,  10  c.c.  of  the  origii 
water  are  injected  into  100  c.c.  of  cold  sterile  tap  water  (always  use  t 
water,  as  distilled  water  is  inimical  to  many  organisms),  and  of  this  diluti 
inject  1  c.c,  0  5  c  c,  and  25  c.c,  respectively,  into  gelatin  tubes,  and  trc 
as  before.  This  method  is  far  better  than  taking  very  small  quantities 
the  original  water,  as  such  quantities  cannot  be  measured  with  any  degi 
of  accuracy. 

The  estimation  of  total  numbers  is  very  important  when  testing  t 
efficacy  of  filters,  or  if  regular  examinations  of  a  supply  are  being  mac 
but  is  of  little  value  when  applied  to  a  single  sample. 

Total  Orgnnitm*  g  rote  in  g  at  38*  C. — Agar-agar  tubes  are  treated  iu  t 
same  manner  as  gelatin  tubes,  and  then  placed  in  the  warm  incubate 
and  examined  after  twenty-four  hours  and  on  subsequent  days. 

Total  Aerobic  Spores. — 1000  c.c.  of  the  water  are  filtered  through 
sterile  Pastcur-(  'hamberland  candle,  and  the  surface  of  the  candle  brush 
into  10  c.c  of  sterile  tap  water  contained  in  a  sterile  dish,  by  means  of 
small  sterile  brush.  1  c.c  or  less,  according  to  the  suspected  purity  of  tl 
water,  is  injected  into  melted  gelatin.  After  heating  in  u  water  b* 
maintained  at  a  temperature  of  80°  C.  for  ten  minutes,  the  gelatin 
poured  into  a  Petri  dish,  and  incubated  at  22°  C. 

Care  should  be  taken  to  heat  the  upper  portion  of  the  test  tube,  or  el 
the  estimation  is  liable  to  be  too  high. 

Standard  Nutrient  (fclatin.— In  order  to  have  uniformity  in  the  coi 
position  of  the  nutrient  gelatin  used,  wo  have  adopted  the  mode 
preparation  suggested  by  Pakes,  which  is  as  follows : — 

One  pound  of  finely-chopped  beef,  as  free  from  fat  and  connecti 
tissue  as  possible,  is  incorporated  in  a  litre  of  water.  The  whole  is  th< 
raised  slowly  to  60°  ('.,  preferably  in  a  water-bath,  kept  at  this  temperatu 
for  about  ten  minutes,  and  then  quickly  heated  to  boiling-point.  This 
now  filtered  into  a  clean  flask,  and  made  up  with  water  to  one  litre  agai 
Distilled  water  should  be  used  rather  than  ordinary  tap-water,  because  tl 
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character  of  the  water  affects  the  growing  power  of  the  gelatin.  This 
meat  infusion  now  contains  the  salts  and  extractives  of  the  beef,  and  a 
little  acid  albumen. 

Ten  grammes  of  Witte's  peptone  and  5  grammes  of  common  salt  are 
carefully  weighed,  and  placed  in  a  clean  dish.  The  mixture  is  rubbed  up 
very  carefully  with  small  quantities  of  the  meat  infusion  in  order  to 
dissolve  the  peptone.  If  this  is  not  done,  dry  masses  of  peptone  may  be 
found  even  after  boiling.  If  by  this  time  the  infusion  is  cold,  it  should  be 
warmed  in  a  water-bath,  and  100  grammes  of  gelatin  ('Best  French') 
added.  The  flask  is  now  placed  in  the  steam  steriliser,  in  order  that  the 
gelatin  may  be  thoroughly  dissolved;  it  should  be  taken  out  every  few 
minutes,  and  well  shaken,  in  order  to  prevent  the  gelatin  settling  as  a 
sticky  layer  at  the  bottom.    When  the  gelatin  is  quite  dissolved,  the  flask 

is  removed,  and  at  once  neutralised  with  —  NaOH,  using  litmus  as  the 

indicator.  When  it  has  been  neutralised,  4  c.c.  of  the  NaOH  are  added, 
the  contents  of  the  flask  are  cooled  to  50°  or  55°  C,  and  the  white  of  an 
egg  is  added  and  well  incorporated  by  vigorous  shaking.  The  flask  is  now 
placed  in  the  steam  steriliser  for  half  an  hour,  by  which  time  the  egg  has 
coagulated  in  large  flakes,  leaving  the  internatant  fluid  clear.  It  is  then 
filtered  through  'papier  Chardin'  into  a  clean  flask,  and  run  through  a 
filling  apparatus  (delivering  10  c.c.)  into  the  sterile  test-tubes.  The  gelatin 
tubes  are  at  once  placed  in  the  steam  steriliser  for  twenty  minutes,  and 
treated  in  a  similar  manner  on  the  two  succeeding  days. 

The  Isolation  of  Bacillus  Coli  Commmunis. 
§  376.1  TJie  Neutral  Red  method. 

W.  G.  Savage's  method  is  as  follows  : — The  m&lium. — To  ordinary  broth 
made  from  Liebig's  extract,  add  peptone  and  sodium  chloride,  and  make 
faintly  alkaline  to  litmus,  then  add  5  per  cent,  of  glucose  and  12  c.c.  per 
litre  of  \  per  cent,  watery  solution  of  Grubler's  neutral  red.  Steam  and 
filter  into  tubes  and  sterilise  in  the  steamer  for  half  an  hour  on  three 
successive  days.  Make  also  a  stock  of  broth  containing  twice  the  above 
quantity  of  neutral  red,  and  four  times  the  quantity  of  the  other  constituents 
except  water.  Make  neutral  red  agar  by  adding  10  c.c.  per  litre  of  \  per 
cent,  solution  of  neutral  red  and  0  5  per  cent,  glucose  to  the  ordinary  agar 
medium  just  before  filtration. 

Process. — Shake  the  water,  and  to  a  series  of  broth  tubes  add  J,  2,  10 
c.c.  or  further  quantities  of  the  water.  To  about  40  c.c.  of  the  water  add 
one  tube  of  four  times  strength  broth,  and  if  the  water  is  suspected  to 
be  very  pure,  one  or  two  litres  may  be  treated  in  the  same  manner.  All 
the  tubes  and  bottles  are  incubated  at  37°  to  38°  C,  and  examined  daily. 
In  from  2  to  3  days,  or  at  the  latest  a  week,  if  B.  coli  is  present,  a  complete 
reaction  (fluid  quite  yellow,  with  marked  fluorescence)  or  a  partial  reaction 
(orange,  with  more  or  less  fluorescence)  will  be  obtained. 

If  a  reaction  is  obtained,  select  the  tube  containing  the  smallest  quantity 
of  water  giving  the  reaction,  take  one  loop  of  the  mixture  and  add  it  to  10 
c.c.  of  sterile  water,  mix  thoroughly,  brush  a  little  in  the  ordinary  way  over 
two  agar  plates,  incubate  at  37°  C.  for  24  hours,  examine  and  subcultivate 
in  the  ordinary  way. 

1  Makgill,  Journ.  of  Hygiene,  1901,  p.  430.  Savage,  ibid.,  p.  437.  Savage,  Public 
Health,  May  1902,  p.  485. 
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From  an  examination  of  the  tubes  it  is  possible  to  make  a  good  cc 
parative  estimation  of  the  number  of  organisms  of  the  Coli  group  pre* 
Thus  if  a  positive  reaction  is  obtained  with  2  c.c.  of  water  and  not  wit 
cc,  at  least  50  organisms  are  present  in  100  cc.  of  water. 

IV.  C.  C.  PakeJ  method.—  Two  litres  of  the  water  are  filtered  thro 
a  special  apparatus  described  as  follows  : 1 

"A  small  bougie  is  used  and  the  nitration  is  from  within  outwards, 
this  is  very  slow,  it  is  necessary  to  exert  pressure  as  well  as  suction, 
apparatus  for  this  purpose  consists  (see  fig.  80)  of  a  brass  cylinder  1 
two  shoulders.    The  neck  at  each  end  is  prov; 
with  an  opening  with  a  screw  thread.    Into  the 
screw  fits  a  nut  carrying  a  manometer :  into 
bottom  a  brass  box  carrying  the  small  bot 
Leakage  is  prevented  by  means  of  the  india-rul 
w ashore  shown  in  the  diagram.      Into  the 
shoulder  a  tube  is  inserted  with  a  tap. 
whole  of  the  brass  work  is  tinned  both  inside 
outside. 

"  In  order  to  sterilise  the  apparatus  the  ho 
is  put  in  place,  and  the  box  is  screwed  on  loo 
The  manometer  is  removed  and  the  whole  appar 
heated  in  the  autoclave  at  120°  C.  for  tw< 
minutes.  It  is  then  taken  out  and  allowed  to  1 
The  box  carrying  the  bougie  is  now  screwed  t 
and  the  water  poured  into  it.  In  order  to  do 
the  neck  of  the  Winchester  quart  is  well  fla 
and  inserted  into  the  neck  of  the  cylinder. 
Winchester  quart  is  then  inverted  and  the  * 
allowed  to  run  in.  As  the  water  is  running  in 
air  is  forced  out,  and  no  accidental  contamins 
is  likely  to  take  place.  When  the  bottle  is  eo 
the  nut  carrying  the  manometer,  having  been 
in  boiling  water  for  a  short  time,  is  screwed 
The  tube  is  connected  with  a  glass  cylinder, 
the  tap  is  opened  to  allow  the  compressed  ai 
enter.  The  pressure  is  kept  at  forty-five  pon 
The  tube  at  the  bottom  of  the  box  carrying 
bougie  is  connected  with  pressure  tubing  U 
aspirator.  Two  litres  take  rather  less  than  tw< 
minutes  to  come  through. 

''When  all  the  water  has  run  through, 
bougie  is  removed  and  the  mouth  plugged  1 
sterile  cotton- wool ;  10  c.c.  of  sterile  water  or  broth  are  now  poi 
into  the  bougie,  and  the  bacteria  are  brushed  into  the  broth  wit 
special  sterile  test-tube  brush.  When  this  is  completed  the  brusl 
removed  and  the  cotton-wool  plug  reinserted.  The  organisms  origin 
present  in  2,000  c.c.  are  now  contained  in  10,  i.e.,  the  water  has  1 
concentrated  200  times.  Any  fixed  volume  of  this  emulsion  will  tl 
fore  represent  200  times  its  volume  of  the  original  water;  0*1  c.c 
represent  20  c.c,  and  so  on." 

1  c.c.  and  5  c.c.  of  the  original  water  and  from  1  to  2  cc  or  more  ol 


¥ 


Fio.  80. 


1  Public  Health,  March  1901,  428. 
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emulsion  are  injected  into  glucose  formate  broth1  and  incubated  at  42° 
C.  in  Buchner  tubes,  from  1 8  to  24  hours. 

The  tubes  are  then  examined,  and  those  which  show  no  growth  are 
replaced  for  another  twenty-four  hours,  and  if  at  the  end  of  that  time 
there  is  still  no  growth,  for  a  further  twenty-four  hours.  Those  tubes 
which  show  growth  are  subcultivated  and  further  examined  in  the  ordinary 
way. 

The  number  of  B.  coli  present  is  computed  from  the  smallest  quantity 
of  water  yielding  the  organism,  remembering  that  every  I  c.c.  of  the  emul- 
sion =  200  c.c.  of  original  water. 

Plienol  Gelatin  method. — Klein2  recommends  this  method  "for  the 
detection  of  Bacillus  coli,  bacillus  of  typhoid,  and  a  certain  variety  of 
Proteus  Zenkeri,  a  normal  inhabitant  of  sewage."  Phenolated  broth  and 
phenolated  gelatin  are  prepared  by  adding  1  c.c.  of  a  5  per  cent,  phenol 
solution  to  every  100  c.c.  of  broth  or  of  gelatin. 

1000  c.c.  of  the  water  to  be  examined  is  filtered  through  a  sterilised 
Berkefeld  or  Pasteur  pressure  filter.    Klein  uses  a  special  apparatus  for 
holding  the  filter;    we  prefer  the  simpler  apparatus 
figured  in  the  diagram.    (See  fig.  81.) 

A  is  a  piece  of  stout  glass  tubing  about  two  feet  long. 
The  Berkefeld  filter  candle  B  is  fitted  into  this  by  means 
of  the  tightly  fitting  rubber  ring  C.  The  nozzle  of  the 
candle  is  directly  connected  by  means  of  a  short  piece 
of  pressure  tubing  with  a  glass  tube  passing  into  the 
pressure  flask  £,  which  is  in  its  turn  connected  with  a 
filter  pump.  A  litre  flask  of  the  water  to  be  examined  is 
inverted  into  the  tube  A,  round  the  top  of  which  sterile 
cotton  wool  is  packed ;  as  the  level  of  the  water  in  the 
tube  falls,  bubbles  of  air  pass  up  into  the  flask,  and  so 
keep  the  level  of  the  water  in  the  tube  constant  until 
nearly  all  the  water  is  filtered. 

The  inverted  flask  and  cotton  wool  prevent  the  water 
from  becoming  contaminated  with  air  organisms  during 
filtration.  All  the  parts  of  this  apparatus  are  easily 
sterilised. 

After  filtering  the  water  through  the  sterilised  ap- 
paratus, the  candle  is  taken  out,  "and  10  c.c.  of  sterile 
water  are  measured  into  a  sterile  glass  dish ;  the  whole 
surface  of  the  candle  is  well  brushed  into  these  10  c.c. 
of  water  by  means  of  a  thoroughly  clean  sterile  nail-brush." 

"  Of  the  above  distribution  then,  to  each  phenol  gelatin  or  phenol  broth 
tube  0*5  c.c.  or  1  c.c.  is  added,  the  gelatin  is  shaken  and  poured  out  into 
a  plate,  and  after  setting  kept  at  20°  C,  the  phenol  broth  is  incubated 
at  37°  C.  From  the  phenol  broth  incubated  for  twenty-four  hours,  plates 
in  phenolated  gelatin  are  then  made.  If  in  the  original  water  the  Bacillus 
coli  communis,  or  the  sewage  variety  of  Proteus  Zenkeri  or  the  typhoid 


Fig.  81. 


1  The  glucose  formate  broth  is  made  by  adding  to  ordinary  meat  infusion  1  per  cent, 
peptone,  '5  per  cent.  NaCl,  2  per  cent  glucose  ana  0*4  per  cent,  sodium  formate.  When 

these  are  dissolved  by  heating,  the  medium  is  neutralised  and  then  2  c.c.  of  ~  NaOH 

added.   The  broth  is  then  boiled  in  the  steam  steriliser  for  20  minutes,  filtered,  poured 
into  the  test-tubes,  and  sterilised  for  20  minutes  on  three  succeeding  days. 
9  Micro-organisms  and  Disease. 
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cultivations,  it  was  indicated  that  in  certain  cases  it  is  necessary  to  fi] 
large  quantities  of  the  water  through  a  sterile  Pasteur  filter,  aiid  to  use 
1  filter  brnshings '  of  the  candle ;  in  others,  the  water  may  be  exami 
directly ;  in  other  cases,  again,  the  water  may  require  to  be  first  gra 
diluted  with  a  definite  volume  of  sterile  water." 

There  arc  a  numl>er  of  species  of  streptococci ;  for  the  purpose  of  wi 
examination  it  is,  however,  unnecessary  to  distinguish  between  them. 

Broth.—  In  twelve  hours  the  broth  is  turbid.  After  a  few  days 
growth  sinks  to  the  bottom  of  the  test-tube,  leaving  the  broth  quite  cl« 

Microscopically  the  organism,  which  should  be  stained  by  Grand  wei 
will  be  seen  to  consist  of  chains  of  cocci  of  varying  length  as  wel 
single  cocci. 

There  are  also  several  species  of  staphylococci. 

Agar-agar  Surface  Culture. — The  colonies  appear  as  yellowish  or  w! 
dots  in  twenty-four  hours.  The  organism  should  be  subcultured  in  bi 
and  stained  by  Grains  methott,  when  the  cocci  will  be  seen  arranged 
chains  or  triangular  masses. 

Bacillus  enteritidis  sporoyenes. — The  water,  unless  very  foul,  must 
passed  through  a  Pasteur-Chamberland  filter  in  exactly  the  same  mar 
as  in  the  search  for  B.  coli  by  Klein's  method.  Various  quantities  of 
brushings  from  the  filter  are  then  injected  into  sterile  milk  tubes, 
has  been  found  necessary  to  heat  the  milk  tubes  just  before  using,  in  01 
to  drive  off  the  dissolved  oxygen,  and  allow  them  to  cool  to  below  80°  ( 

The  tubes  are  then  heated  to  80°  C,  and  kept  at  this  temperature 
ten  minutes,  care  being  taken  that  the  upper  portion  of  each  tufa 
heated,  or  the  upper  portion  of  each  tube  may  l>e  passed  through  a  Bui 
burner  flame.  The  tubes  arc  then  at  once  incubated  anaerobicallj 
37°  C.  by  Buchner's  method.  This  method  consists  in  placing  the  ti 
in  a  wider  tube  containing  pyrogallic  acid,  and  pouring  on  the  pyrogi 
acid  a  5  per  cent,  solution  of  caustic  potash,  and  at  once  sealing  the  oi 
tube  with  a  well-fitting  rubber  cork.  About  one  gramme  of  pyrogi 
acid  should  be  allowed  for  every  10  c.c.  of  potash  solution.  After  twe 
four  hours'  incubation,  the  casern  of  the  milk  will  have  coagulated 
separated  from  the  turbid  whey.  A  large  amount  of  gas  is  produce 
the  same  time,  and  the  layer  of  casein  is  usually  blown  up  the  test-t 
If  a  small  quantity  of  the  milk  whey  (1  c.c),  thus  containing  product 
the  B,  enteritidi*  culture,  be  injected  into  a  guinea-pig,  the  animal  will 
in  about  forty-eight  hours  ;  the  peritoneal  cavity  will  be  found  to  be  ra 
inflamed,  and  to  contain  a  large  amount  of  fluid.  This  fluid  should 
subcultured  upon  blood  serum,  and  in  milk  under  anaerobic  conditio 
a  portion  should  also  be  sealed  up  in  a  small  glass  pipette  and  place 
the  cool  incubator  for  some  days,  in  order  that  spores  may  form. 

Rod-shaped  and  cylindrical  bacilli,  which  stain  well  by  Oram's  met! 
will  be  found  in  the  milk  and  serum  cultures,  and  in  the  peritoneal  fl 
Spores  will  be  found  in  the  serum  cultures,  and  in  the  sealed -up  ] 
toneal  fluid. 

Klein  gives  the  following  dimensions  for  the  bacilli  and  spores  : — 
Bacillus — length,  1*G  to  4-8  /x;  thickness,  *8  /a.    Free  spores — len 
1*6  ft;  thickness,  *8  to  1  fi. 

Bacillus  anthracis. — Frnnkland,  in  Micro-organisms  in  Water,  g 
the  following  experiment : — From  1  to  3  c.c.  of  the  water  con  tail 
anthrax  spores  were  mixed  with  1  c.c.  of  sterile  broth,  and  heated 
periods  of  from  two  to  five  minutes  to  50°  C,  to  70°  C,  or  to  90*  C,  a 
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which  they  were  submitted  to  ordinary  plate  cultivation.  After  heating 
to  50°  C.  for  five  minutes,  the  100,000  water  bacteria  previously  contained 
in  1  c.c.  of  the  contaminated  water  were  reduced  to  from  35  to  39  colonies 
per  c.c,  and  several  of  these  were  recognisable  as  colonies  of  B.  anthraci*. 
Heating  to  70°  C.  for  two  minutes  reduced  the  number  from  30  to  10 
colonies  per  c.c,  in  which  from  4  to  10  were  recognised  as  those  of  anthrax 
bacilli.  Heating  to  90°  C.  for  two  minutes  resulted  in  the  appearance  of 
only  7  to  10  colonies,  of  which  3  to  6  were  found  to  be  those  of  anthrax. 
Cultivations. — 

Gelatin  Surface. — Colonies  appear  as  grey  irregular  dots  after  twenty- 
four  hours'  incubation.  After  from  two  to  three  days  the  margin,  when 
viewed  with  a  lens,  may  be  seen  to  be  made  up  of  twisted  fibres.  At  the 
same  time,  commencing  liquefaction  of  the  gelatin  causes  the  centre  of 
the  colony  to  sink. 

Agar-agar  Plate  Cultivations. — Colonies  appear  in  twenty-four  hours  as 
round,  oval,  or  heart-shaped  colonies.  Under  a  lens  the  surface  of  each 
colony  is  seen  to  be  marked  with  fine  lines.  In  older  colonies,  twisted 
fibres,  like  platts  of  hair,  may  be  seen. 

Microscopically,  the  bacilli  are  seen  to  be  short,  rod-shaped  organisms, 
with  square  ends,  varying  from  2  to  10 /a  in  length  and  1  to  1*5/1  in 
breadth.  Chains  of  these  bacilli  are  usually  found.  The  bacilli  stain  by 
Gram's  method.  Spore  formation  is  so  well  marked  that  it  is  not,  as  a 
rule,  necessary  to  stain  specially  for  spores  in  order  to  observe  them.  In 
impression  specimens,  made  from  agar-agar  plates,  the  hair-like  appearance 
will  be  seen  to  be  due  to  chains  of  bacilli,  and  the  spores  will  be  seen  as 
highly  refractory  vacuole-like  bodies. 

Spirillum  cholera!  atiaticw. — 

Cultivation  gelatin  surface. — In  about  eighteen  hours  it  begins  to  appear 
as  minute  points  of  growth  of  an  opaque  white.  The  gelatin  after  a  few 
days  is  liquefied. 

Agar-agar  surface. — Moist  greyish-white  growth. 

Potato. — Light  yellow  growth,  difficult  to  see. 

The  vibrios  under  the  microscope  are  seen  to  be  slender  rods,  curved 
so  as  to  form  commas.  And  two  are  often  joined  together  forming 
S-shaped  bodies.    Several  may  also  be  joined  to  form  a  spirillum. 

Water  may  be  examined  for  the  cholera  vibrio  in  the  following  manner : — 
Place  100  c.c.  in  each  of  five  or  six  sterile  conical  flasks,  plugged  with  cotton 
wool ;  add  to  each  flask  1  gramme  of  peptone  and  0'5  gramme  of  sodium 
chloride.  Incubate  at  37°  C.  for  from  eight  to  twelve  hours.  From  the 
surface  of  one  or  all  of  the  liquids  prepare  films  and  stain  them  with 
aqueous  gentian-violet  or  aqueous  fuehsine.  If  any  comma  bacilli  are  seen, 
some  of  the  surface  liquid  should  be  diluted  with  sterile  water  and  sub- 
cultures made  on  agar-agar,  on  which  the  organism  will  be  visible  after 
ten  hours'  incubation ;  pure  cultures  may  in  this  way  be  obtained. 

Nitroso-indol  or  Cliolera  Red  Reaction. — Test,  one  of  the  flasks 
containing  the  water  and  peptone,  by  adding  to  it  a  few  drops  of  pure 
sulphuric  acid ;  if  cholera  is  present  a  distinct  crimson  hue  will  be  obtained 
after  a  very  few  hours'  incubation. 

Durliam-Grulter  Reaction.—  Dilute  the  serum  of  an  animal  immunised 
against  cholera  with  ten  times  its  volume  of  distilled  water.  Mix  this 
with  an  emulsion  of  the  suspected  vibrios.  Incubate  in  a  narrow  test- 
tube  for  one  hour  at  38°  C.  If  the  vibrios  are  those  of  cholera,  they  will 
collect  together  as  a  white  deposit  at  the  bottom  of  the  tube,  the 
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supernatant  fluid  being  clear.  The  vibrios  under  the  microscope  will  b 
found  to  be  motionless  and  aggregated  into  clumps. 

§  379.  Animal  farms.— Without  taking  into  consideration  various  anina 
water  organisms  which  can  be  seen  with  the  naked  eye  (e.g.f  water  fleu; 
but  confining  the  attention  solely  to  the  microscopic  forms  of  life,  there  i 
such  an  inexhaustible  variety  of  the  latter  that  it  takes  a  special  study  t 


7.  9. 

Fin.  82. 

1.  Colony  of  Vorticella.  2.  Oxytricha  lingua.  3.  Pellionella,  4.  Glaucon 
acintillans.  5.  Glaucoma  gibba.  6.  Paramecium  aurelia.  7.  Paramecium  caudatun 
8.  Amoeba.    9.  Chilodon. 


ascribe  each  form  to  its  particular  species ;  fortunately,  this  to  the  analyi 
is  not  necessary,  and  it  may  at  once  be  laid  down  that  if  the  deposit  froi 
a  reasonable  quantity  of  water  (for  example,  a  gallon)  exhibits  forms  < 
infusorial  life,  the  water  cannot  be  pure.  For  although  from  all  natun 
water,  if  a  sufficient  bulk  be  taken,  it  is  possible  to  extract  life-form 
yet  all  good  drinking-water  is  devoid  of  such  when  moderate  quantitii 
are  taken  for  the  search.    There  are,  however,  certain  animalcules  (typ< 
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of  which  are  figured)  that  specially  point  to  sewage  contamination,  such 
as  Amoeba  (fig.  8),  a  soft,  colourless  granular  mass,  which  puts  out  fiuger- 
like  processes.  Euglena,  which  lives  on  decaying  vegetable  matter,  is 
fusiform  of  a  red  or  green  colour,  very  flexible,  with  a  single  flagellum. 
Vorticdla  (fig.  1),  an  oval  animalcule  attached  by  a  contractile  spring-like 
pedicle.  Paramatcium  aurelia  (fig.  6),  colourless  and  finely  ciliated ;  it 
moves  swiftly.  Contractile  vesicles  and  nucleus  conspicuous.  In 
addition  to  these,  Cercomonas,  Gmlomonas,  and  many  others,  will  often  be 
observed.  Of  the  larger  organisms  the  most  common  are  Cyclops, 
(belonging  to  the  Crustacea),  AngnillulOy  a  small  colourless  worm,  and 
Nais,  a  worm  with  bristles. 

Fresh-water  sponges  occur  as  a  thin  incrustation  on  objects;  portions 
often  die,  putrefy,  and  impart  a  disagreeable  odour  to  water.  The  spicules, 
in  the  form  of  fine  needles,  are  most  indestructible  and  easy  of  recognition. 
The  presence  of  sponge  in  water  mains  often  occurs,  and  always  is  a 
misfortune.  The  examination  of  a  water  pipe  for  sponge  is  best  performed 
by  splitting  the  pipe  and  scraping  the  upper,  not  the  lower  surface,  for  the 
fresh-water  sponge  is  always  found  with  its  crater-like  openings  down- 
wards. 

A  genus  of  colony-building  infusoria,  not  unlike  Volvoz  in  general 
appearance,  has  been  discovered  in  the  waters  of  Massachusetts,  and  is 
described  and  figured  in  23rd  Annual  Report  of  the  Massachusetts  State 
Board  of  Health  under  the  name  of  Uroglena.  It  is  important,  because 
it  imparts  to  water  a  most  offensive  odour.  This  odour  is  apparently  not 
a  sign  of  the  decomposition  of  Uroglena,  but  is  evolved  when  the  several 
united  colonies  disintegrate. 

It  will  not  be  necessary  to  use  any  special  colouring-agents  to  see 
infusoria,  for  they  are  quite  sufficiently  visible  without  any  special  reagent 
M.  A.  Certes  has,  however,  found  out  a  colouring-matter  which  concentrates 
itself  in  certain  parts  of  living  infusoria,  and  may,  therefore,  be  of  some 
utility ;  this  reagent  is  quinoleine  or  cyanine,  and  it  appears  chiefly  to 
colour  the  fatty  parts  of  the  protoplasm.  He  considers  it  a  reagent  for 
living  fat.1 

§  380.  Standards  of  Purity. — It  is  now  generally  admitted  that  no 
hard  and  fast  standards  can  be  fixed  for  drinking  waters  either  from  a 
chemical  or  bacterial  standpoint.  Every  water  should  be  judged  with  a 
full  knowledge  as  to  the  surroundings  of  the  supply  and  the  geological 
formation  from  which  it  is  drawn. 

When  waters  are  kept  under  constant  observation  it  is  often  possible 
to  draw  valuable  inferences  from  slight  variations.  Especially  is  this  so 
in  the  case  of  nitrates,  which  in  unpolluted  waters  will  rarely  show  any 
great  variations  at  different  times. 

With  regard  to  organic  carbon  and  nitrogen,  Frankland  considers  that 
some  importance  should  be  attached,  not  only  to  the  gross  amount  of 
carbon  and  nitrogen,  but  also  to  the  relative  proportion  they  bear  to  one 
another,  and  this  especially  with  regard  to  surface  waters.  In  deep  springs 
the  limit  of  organic  carbon  should  be  about  '1  in  100,000,  the  amount 
actually  found  ranging  from  '02  to  '1  in  100,000  of  water.  In  spring  water 
the  ratio  of  C  :  N  varies  from  2  :  1  to  6  :  1,  with  an  average  of  about  2:1. 
Surface  water  derived  from  cultivated  land,  containing  C  :  N  below  the 
proportion  of  6  :  1,  and  having  more  than  *3  part  of  the  carbon  in  100,000, 
with  these  data  supported  by  other  indications,  should  be  condemned  as 
1  Comptes  Rendus,  xcii.  425. 
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unfit  for  dietetic  purposes.  In  surface  water,  if  carbon  is  to  nitrogen  i 
3  :  1,  the  organic  matter  is  of  animal  origin ;  if  it  be  as  high  as  8  : 1, 
is  chiefly,  if  not  exclusively,  of  vegetable  origin.  The  content  of  organ 
elements  in  sewage,  of  course,  varies  according  to  its  state  of  dilution ;  In 
it  usually  averages  from  four  to  five  parts  of  carbon  per  100,000,  and  fro 
one  to  two  parts  of  nitrogen  per  100,000.  Frankland  divides  waters  in 
two  sections,  according  to  the  results  of  a  combustion. 


Section  I. — Upland  Surface  Water. 

Class  I. — Water  of  great  organic  purity,  containing  a  portion 
organic  elements  (organic  carbon  aud  organic  nitrogen),  not  exceeding  ( 
part  in  100,000  parts  of  water. 

Class  II. — Water  of  medium  purity,  containing  from  Om2  to  0*4  pi 
of  organic  elements  in  100,000. 

Class  III. — Water  of  doubtful  purity,  containing  from  0*4  to  0#6  pi 
of  organic  elements  in  100,000. 

Class  IV. — Impure  water,  containing  more  than  0'6  part  of  orgai 
elements  in  100,000. 

Section  II. — Water  other  than  Upland  Surface. 

Class  I. — Water  of  great  organic  purity,  containing  a  proportion 
organic  elements  not  exceeding  01  part  in  100,000. 

Class  II. — Water  of  medium  purity,  containing  from  0*1  to  0'2  pi 
of  organic  elements  in  100,000. 

Class  III. — Water  of  doubtful  purity,  containing  from  0*2  to  0*4  pc 
of  organic  elements  in  100,000. 

Class  IV. — Impure  water,  containing  upwards  of  0'4  part  of  orgai 
elements  in  100,000. 

Wanklyn's  standards : — 

Parts  per  million.  Grain  per  gallon. 

Albuminoid  ammonia,         0*05  0*0035  Great  purity. 

„  ,,  0*10  0*0070  Organically  safe. 

More  than,         0*10  0*0070  More  or  less  impure. 

Professor  Tidy's  oxygen  process  : — 

Parts  per  million.  Grain  per  gallon. 

Oxygen  used  in  3  hours,       0*5  0*035  Great  purity. 

,,          „          0*5  to  1*5  0*035  to  0*105  Medium  purity. 

„          „          1*5  to  2-1  0105  to  0*147  Doubtful. 

Blair's  oxygen  process  at  100°  C. : — 

Parts  per  million.  Grain  per  gallon. 

Oxygen  absorbed  less  than,    2  0*14  Great  purity. 

,,      between,     2  and  4  0*14  to  0*28  Medium  purity. 

,,         ,,           4  and  6  0*28  to  0*42  Suspicious  (unless  peaty). 

„      over,              6  0*42  Impure. 

Blair's  classification  according  to  organic  nitrogen  as  estimated  1 
Ijeldahl's  process : — 
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Part*  per  million.    Grain  per  gallon. 


Organic  nitrogen  less  than,  0*06  0'0042 
„       between,  0*06  and  0'12      0*0042  to  0 
over,  0*12  0*0084 


0084    Medium  parity. 


Great  purity. 


To  be  condemned,  even  if 
peaty. 


Suspicious  unless  peaty 
(peaty  waters  may  con* 
tain  any  thing  under  0*25 
part  per  million,  0*0175 
grain  per  gallon,  and 
yet  be  potable). 


0-32 


0-224 


APPENDIX  TO  WATER  ANALYSIS. 


Standard  Solutions  and  Reagents,  etc.,  Alphabetically  Arranged. 


§381.  Ammonium  Chloride. — (1)  Ammonium  chloride,  "3146  part; 
pure  water,  1000  parts ;  dissolve,  1  c.c.  contains  *0001  grm.  of  ammonia ; 
(2)  100  c.c.  solution  (1)  diluted  to  1000  c.c.  with  pure  water.  1  c.c.  = 
'00001  grm.  of  ammonia. 

Calcic  Cfiloride  Solution. — Iceland  spar,  or  other  pure  form  of  calcic 
carbonate,  *1  part.  The  calcic  carbonate  is  converted  into  chloride  by  evapo- 
rating to  dryness  with  pure  dilute  hydrochloric  acid,  and  the  calcic  chloride 
thus  obtained  is  dissolved  in  water  and  made  up  to  1000  parts. 

Copper  Sulphate. — Sulphate  of  copper,  30  parts;  pure  water,  1000 
parte ;  dissolve. 

Diphenylamine  Test  for  Nitrates. — 1  grm.  of  diphenylamine  is  dissolved 
in  10  to  30  c.c.  of  absolute  alcohol  and  diluted  with  150  c.c.  of  sulphuric 
acid.  A  c.c.  of  this  solution,  added  direct  to  the  water,  strikes  a  blue 
colour  in  the  presence  of  nitrates,  which  colour,  on  dilution,  changes  to  a 
yellow-green.    It  gives  the  samo  colour  with  nitrites. 

Ferrous  Chloride  Solution. — A  solution  of  pure  ferrous  sulphate  is 
precipitated  with  sodic  hydrate,  and  washed  thoroughly  with  pure  water, 
and  then  dissolved  in  the  smallest  possible  quantity  of  pure  hydrochloric 
acid. 

Grits*1  Reagent  for  Nitrous  Acid  or  Nitrites. — (a.)  1  grm.  sulphanilic 
acid,  14*7  grms.  glacial  acetic  acid,  285  c.c.  water. 

(B.)  0*2  grm.  a-naph  thy  lain  ine,  14*7  grms.  glacial  acetic  acid,  325  c.c. 
water.    Mix  equal  parts  just  before  use. 

Meta-phenylenediamine. — (a.)  8  grms.  meta-phenylenediamine  hydro- 
chloride, 1000  c.c.  water. 

(b.)  Sulphuric  acid  (1  :  3). 

Meta-phosphoric  Acid. — Meta-phosphoric  acid  100  parts,  made  up  to 
1000  with  distilled  water ;  10  parts  should  contain  no  appreciable  amount 
of  ammonia. 

Molybdic  Solution.  —  Molybdic  acid,  1  part ;  solution  of  ammonia, 
specific  gravity  *960,  4  parts;  nitric  acid,  1*20  specific  gravity,  15  parte. 


Parts  by  Weight :  Liquids  by  Measure. 
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The  molybdic  acid  is  dissolved  in  the  ammonia,  filtered,  and  poured  with 
constant  stirring  into  the  nitric  acid.  It  should  be  kept  in  the  dark,  and 
freed  by  decantation  from  any  precipitate  which  may  form. 

Nessler  Solution. — 35  parts  of  potassium  iodide  are  dissolved  in  100  parti 
of  water;  17  parts  of  mercuric  chloride  are  boiled  in  300  parts  of  water 
and  then  cooled.  The  mercuric  solution  is  added  to  the  potassium  iodide 
little  by  little,  until  a  permanent  precipitate  is  produced.  The  liquid  ii 
now  made  up  to  1000  parts  with  a  solution  of  sodic  hydrate  of  20  per  cent 
strength.  Lastly,  the  reagent  is  made  more  sensitive  by  the  final  additioi 
of  a  little  more  of  the  mercuric  chloride  solution,  until  a  permanent  pre 
cipitate  begins  to  form.  The  solution  is  put  on  one  side  to  deposit,  an< 
the  clear  liquid  decanted  for  use.  It  is  best  to  keep  that  intended  for  us 
in  a  small  bottle,  while  the  larger  stock  is  carefully  stoppered  down. 

Palladium  Solution. — Palladium,  *1  part  is  dissolved  in  nitro-hydrc 
chloric  acid,  and  evaporated  to  dryness  at  100°  C,  50  parts  of  hydrochlori 
acid  are  added,  and  2000  of  water,  ultimately  making  the  bulk  up  t 
2370  parts. 

Potassium  Iodide  Solution. — (a.)  Potassium  iodide  1  part  in  10  of  watei 
for  use  in  the  oxygen  or  Forchammer  process. 

(b.)  Potassium  iodide  1,  water  100,000,  for  use  in  the  volumetric* 
estimation  of  iodine. 

Potassium  Monochromate. — Potassium  monochromate  50  parts,  dii 
solved  in  1000  parts  of  distilled  water.  To  ensure  absence  of  chlorides  i 
is  recommended  to  add  a  little  nitrate  of  silver  until  a  permanent  re 
precipitate  forms,  which  is.  allowed  to  settle,  and  the  clear  solution  used. 

Potassium  Permanganate. — (a.)  Alkaline— ^Potassium  permanganate 
parts;  potassium  hydrate  200  parts;  distilled  water  1100  parts.  Tfa 
solution  is  boiled  rapidly  down  to  1000  parts,  and  kept  in  properl 
stoppered  bottles. 

(b.)  Standard  Volumetric  Solution  for  Oxygen  Process. — *395  part  < 
potassic  permanganate  is  dissolved  in  1000  of  water.  Each  c.c.  con  tail 
•0001  gramme  of  available  oxygen,  and  each  one  grain  contains  "000 
grain. 

Silver  Nitrate,  Standard  Solution  of. — 4*7887  parts  of  silver  nitral 
are  dissolved  in  pure  water,  and  made  up  to  1000  parts.  The  solutio 
may  be  standardised,  if  necessary,  by  the  sodium  chloride  solution,  1  c. 
=  '001  grm.  chlorine;  10  grains  =  *01  grain  chlorine. 

Soafi,  Standanl  Solution  of. — 150  parts  of  lead  plaster  are  triturate 
in  a  mortar  with  40  parts  of  dry  potassic  carbonate,  and  made  into  a  creai 
with  the  addition  of  absolute  alcohol ;  when  dissolved,  filter,  and  by  tl 
addition  of  water  reduce  the  alcoholic  strength  to  that  of  proof  spirit.  Th 
solution  of  soap  is  then  reduced  to  the  proper  strength  by  proof  spirit, 
working  in  c.c.  and  grms.  it  should  be  of  such  a  strength  that  14*25  c.< 
are  required  to  form  a  permanent  lather  with  50  c.c.  of  the  calcic  chlorid 
solution ;  if  working  in  grains,  then  it  will  be  most  convenient  to  make  i 
of  that  strength  that  it  just  forms  a  permanent  lather  when  180  grai 
measures  are  shaken  with  1000  grain  measures  of  the  standard  calci 
solution,  equalling  water  of  8°. 

Sodium  Chloride  Solution. — 1*648  parte  of  pure  sodium  chloride  ar 
dissolved  in  water,  and  the  solution  made  up  to  1000  parts.    Pure  sodiui 
Moride  can  be  obtained  by  passing  hydrochloric  acid  gas  through  a  sati 

ed  solution  of  commercial  sodic  chloride ;  a  precipitate  of  pure  sodi 

oride  falls,  which  may  be  collected,  and  dried  in  the  hot  air  oven  at  260 
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to  300°.  Each  c.c.  contains  '001  grm.  chlorine,  or  each  grain  contains 
001  grain  chlorine. 

Sodium  Hydrate,  Solution  for  Estimation  of  Nitrates. — 56  parts  of 
metallic  sodium  are  dissolved  little  by  little  in  1000  parts  of  water. 

Sodic  Hyposulphite. — One  part  of  crystallised  sodium  hyposulphite  in 
1000  parts  of  water. 

Sodic  Nitrite  Solution. — *406  part  of  silver  nitrite  is  dissolved  in  a 
little  distilled  water,  and  pure  sodic  chloride  is  added  until  no  more 
argentic  chloride  is  thrown  down.  Dilute  with  water  to  1000  parts. 
Allow  to  settle.  Then  of  the  clear  solution  take  100  parts,  and  dilute  to 
1000 ;  1  c.c.  equals  '00001  grm.  of  N208;  similarly  each  10  grains  equals 
0001  grain. 

Starch  Solution. — 1  part  of  starch  is  rubbed  up  with  20  parts  of 
boiling  water.  The  liquid  is  filtered,  boiled,  and  after  being  allowed  to 
stand  for  twenty-four  hours,  the  clear  liquid  is  syphoned  off. 

Sulphuric  Acid  (Pure). — Pure  sulphuric  acid  is  obtained  by  heating 
the  strong  acid  with  a  few  crystals  of  potassic  permanganate  until  the 
green  colour  is  permanent  It  may  still  contain  nitrogen  as  ammonia. 
Blair  purifies  the  acid  from  ammonia  as  follows: — 5  c.c.  of  the  purified 
acid  are  neutralised  with  ammonia- free  soda,  the  mixture  distilled,  and  the 
ammonia  estimated  in  the  distillate ;  then  the  amount  of  sodium  nitrite 
necessary  to  destroy  the  ammonia  is  calculated  from  the  equation — 

NH3 + NaN02 = H20  +  NaHO  +  NP 

Each  part  of  ammonia  will  require  four  times  its  weight  of  sodic,  or 
five  times  its  weight  of  potassic  nitrite  to  satisfy  the  equation.  A  slight 
excess  of  this  quantity  is  added  to  the  acid  and  the  acid  heated  on  a  sand- 
bath,  and  the  drops  distilled,  tested,  from  time  to  time,  for  nitrous  acid  by 
means  of  starch  and  potassium  iodide ;  when  the  distillate  is  free  from 
nitrous  acid,  the  operation  is  finished,  and  the  acid  is  (for  the  purposes  of 
water  analysis)  pure — that  is,  free  from  carbon  and  free  from  nitrogen. 

Zinc  Iodide  Starch  Solution. — 4  gnus,  of  starch  are  triturated  in  a 
mortar  with  a  little  water  and  transferred  little  by  little  to  a  boiling  solu- 
tion of  20  per  cent,  zinc  chloride.  The  heating  is  continued,  replacing  the 
water  from  time  to  time,  until  the  starch  is  dissolved  and  the  fluid  is  almost 
colourless ;  the  liquid  is  then  diluted,  and,  after  adding  2  grms.  of  zinc 
iodide,  filtered ;  the  filtration  is  slow,  but  a  clear  filtrate  can  ultimately  be 
obtained,  which,  kept  in  closed  bottles  in  the  dark,  preserves  its  properties 
for  an  indefinite  time.  On  acidifying  with  sulphuric  acid,  if  properly 
made,  there  should  be  no  blue  colour  produced. 
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TABLE  LX VIII.— Reduction  of  Cubic  Centimetres  of  Nttbooek  to  Graj 


log, -g™"^*  760  for  each  tenth  of  a  degree  from  0°  to  30°  C. 
^*(1  + 0*00867  ) 


0*0 

01  ' 

V  X 

0-2 

0*3 

0*4 

0-5 

0*6 

1  0*7 

1 

0*8 

0*9 

T 

i\ 
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0 
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A9A 
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*QfiO 
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VO/ 
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6 
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/ 
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/  Zo 

7  Aft 
/  UO 

AQ9 

A7A 
O/O 

AA1 
001 

040 

A90 
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OoJ 

Q 
O 

00/ 

OOZ 

K9A 
OOO 

K91 
PZ1 

OvO 

4QA 
4VU 

4/ 4 

40V 

i  JO 

44o 

4Z? 

V 

413 

oy/ 

OOZ 

QAA 
OOO 

QR1 
001 

300 

Hon 

OU4 

ooo 
40V 

274 

1U 

ORG 

zoy 

OA  A 
Z44 

OOft 
ZZO 

ZlO 

1 0ft 
IVO 

1  fi9 

10Z 

1 A7 
10/ 

AOl 

loo 

154  J 

1 1 
11 

1  A« 

lvO 

AOA 

A7K 
v/ 0 

AAA 
UOU 

A4K 
U40 

A9Q 

Al  4 
U14 

vol 

12 

5-19953 

938 

923 
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877 
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831 

81< 

13 

800 

785 
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724 
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66 

14 
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Al  ft 
OlO 

AAQ 
OUO 

fiftft 

OOO 

0/ O 

KUft 
OOO 

K.4Q 
D4o 
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10 

4V/ 

4.  AO 
»0<5 
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40/ 

4*i9 
40Z 

*iO/ 

4.99 
4ZZ 

4A7 
4U/ 

OVA 

o/7 

36' 

1  A 
10 

A 

0*10 

uOl 

<ll  A 
OlD 

Owl 

OftA 
ZOO 

971 
Z/ 1 

9RA 
ZOO 

94.1 

21 

17 

196 

181 

166 

151 

136 

121 

106 

091 

076 

06 

18 

046 

031 

016 

001 

*986 

•971 

•956 

*941 

*926 

•91 

19 

5-18897 

882 

867 

852 

837 

822 

807 

792 

777 

76 

20 

748 

733 

718 

703 

688 

673 

659 

644 

629 

61 

21 

600 

585 

570 

555 

540 

526 

611 

496 

481 

46 

22 

452 

437 

422 

408 

393 

378 

363 

349 

334 

31 

23 

305 

290 

275 

261 

246 

231 

216 

202 

187 

17 

24 

158 

143 

128 

114 

099 

084 

070 

055 

041 

02 

25 

012 

*997 

•982 

#968 

•953 

*938 

•924 

*909 

*895 

•88 

26 

6*17866 

851  ' 

837 

822 

808 

793 

779 

764 

750 

73 

27 

721 

706  i 

692 

677 

663 

648 

634 

619 

605 

59 

28 

576 

561  1 

547 

532 

618 

603 

489 

475 

460 

44 

29 

432 

417 

403 

388 

374 

360 

345 

331 

316 

30 
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TABLE  LXIX.— For  the  Calculation  of  Total  Solids  from  Fat  and 
Specific  Gravity  (Richmond). 


Fat  ]>er  cent 

Specific 
Gravity. 

1 

•2 

l 

•3 

•4 

•5 

7 

•8 

•9 

ID 

Total  Solids  ]>er  cent. 

220 

677 

5*89 

6*01 

6*13 

6*25 

6*37 

6'49 

6*61 

673 

6*85 

22*5 

5*90 

6*02 

6*14 

6-26 

6*38 

6*50 

6*62 

674 

6*86 

6*98 

23*0 

6*02 

6*14 

6-26 

6*38 

6*60 

6*62 

674 

6-86 

6*98 

7-10 

235 

6*15 

6-27 

6-39 

6-51 

6*63 

675 

6*87 

6*99 

7*11 

7*23 

24*0 

6'27 



6*39 

6'51 

6*63 

675 

6'87 

6*99 

7'11 



7*23 

7*35 

24*5 

6-40 

6-52 

6-64 

676 

6-88 

7*00 

7-12 

7*24 

7-36 

7-48 

26*0 

6*52 

6*64 

676 

6*88 

7  "00 

7*12 

7*24 

7-36 

7*48 

7*60 

25*5 

6*65 

6-77 

6-89 

7-01 

7*13 

7*25 

7*37 

7-49 

7*61 

773 

26*0 

6-77 

6*89 

7*01 

7*13 

7*25 

7*37 

7*49 

7 '61 

773 

7*85 

26-5 

6*90 

7-02 

714 

7-26 

7-38 

7*50 

7-62 

774 

7-86 

7*98 

27D 

7*02 

7*14 

7*26 

7*38 

7-50 

7*62 

774 

7-86 

7 -98 

8*10 

27*5 

7-15 

7-27 

7  39 

7*51 

7-63 

775 

7*87 

7*99 

8-11 

8*23 

28*0 

7*27 



7*39 

7*51 

7*63 

775 

7*87 

7-99 

8*11 

8*23 

8*35 

28 '5 

7-39 

7-51 

7*63 

775 

7-87 

7*99 

8-11 

8*23 

8-35 

8*47 

29*0 

7-52 

7-64 

776 

7-88 

8*00 

8*12 

8*24 

8 '36 

8-48 

8*60 

29  5 

7-64 

7-76 

7-88 

8-00 

8-12 

8*24 

8-36 

8-48 

8-60 

872 

SOD 

7*77 

7*89 

8-01 

8'13 

8*25 

8*37 

8*49 

8-61 

873 

8*85 

30*5 

7-89 

8-01 

8-13 

8-25 

8*37 

8*49 

8-61 

873 

8-85 

8-97 

31*0 

8*02 

8-14 

8*26 

8-38 

8'50 

8*62 

874 

8 '86 

8*98 

9*10 

31*5 

8-14 

8-26 

8*38 

1 

8-50 

8-62 

874 

8*86 

8-98 

9-10 

9*22 

32*0 

8*26 

8*38 

8-50 

8*62 

874 

8*86 

8-98 

9*10 

9-22 

9*34 

!  325 

8*38 

8-50 

8*62 

874 

8'86 

8*98 

9-10 

9-22 

9-34 

9*46 

i  33*0 

8-51 

8-63 

875 

8-87 

8*99 

9-11 

9*23 

9-35 

9*47 

9-59 

335 

8-63 

875 

8-87 

8*99 

9-11 

9*23 

9*35 

9-47 

9-59 

971 

340 

8-75 

8-87 

8-99 

9-11 

9-23 

9*35 

9  47 

9-59 

971 

9*83 

34*5 

8-88 

9*00 

9-12 

9*24 

9-36 

9*48 

9*60 

972 

9-84 

9-96 

35*0 

9-00 

9*12 

9*24 

9*36 

9-48 

9*60 

972 

9-84 

9*96 

10*08 

35  5 

9-12 

9*24 

9*36 

9-48 

9-60 

972 

9*84 

9-96 

10-08 

10*20 

360 

9-24 

9*36 

9-48 

9-60 

972 

9-84 

9*96 

10-08 

10*20 

10*32 

36-5 

9*36 

9-48 

9-60 

972 

9-84 

9  96 

10*08 

10-20 

10-32 

10*44 

37*0 

9-49 

9-61 

978 

9*85 

9-97 

10*09 

10*21 

10-33 

10-45 

10*57 

375 

9-61 

973 

9-85 

9-97 

10*09 

10*21 

10-33 

10-45 

10*57 

10*69 
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Table  LXIX.  —For  the  Calculation  of  Total  Solids  from  Fat  and 
Specific  Gravity  (Richmond) — continued. 


Fat  per  cent. 

Specific 
Gravity. 

41 

4-2 

43 

4'4 

4'5 

4-6 

47 

4-8 

4*9 

5-0 

Total  Solids  per  cent 

220 
225 
23*0 
23-5 

10*57 
1070 
10-82 
10-95 

10-69 
10  82 

10-  94 

11-  07 

10-81 

10-  94 

11-  06 
11-19 

10-  93 

11-  06 
11-18 
11-31 

11-05 
11-18 
11-30 
11-43 

11-17 
11-30 
11-42 
11-55 

11-29 
11-42 
11-54 
11-67 

11-41 
11-54 
11 '66 
1179 

11-53 
11-66 
1178 
11-91 

11-65 
1178 
11-90 
1203 

24-  0 
24'5 

25-  0 
25*5 

11-07 
11-20 
11-32 
11-45 

11-19 
11-32 
11-44 
11-57 

11-31 
11-44 
11-56 
11-69 

11-43 
11-56 
11-68 
11-81 

11-55 
11-68 
11-80 
11-93 

11-67 
11-80 
11-92 
12*05 

1179 

11-  92 

12-  04 
12-17 

11-  91 

12-  04 
12*16 
12-29 

12-03 
12-16 
12-28 
12-41 

12-15 
12-28 
12-40 
12-53 

26D 
26*5 
27-0 
27*5 

11-57 
11-70 
11-82 
11-95 

11-69 
11-82 

11-  94 

12-  07 

11-81 

11-  94 

12-  06 
12-19 

11-  93 
12*06 

12-  18 
12-31 

12-05 
12-18 
12-30 
12-43 

12-17 
12-30 
12-42 
12-55 

12-29 
12-42 
12-64 
12-67 

12-41 
12*54 
12*66 
1279 

12-53 
12*66 
1278 
12-91 

12-  65 
1278 
12*90 

13-  03 

28D 
285 
29-0 
29  5 

12-07 
12-19 
12-32 
12-44 

12-19 
12-31 
12-44 
12-56 

12-31 
12-43 
12-56 
12-68 

12-43 
12-65 
12-68 
12-80 

12-55 
12-67 
12-80 
12-92 

12*67 
12-79 

12-  92 

13-  04 

1279 
12*91 
13-04 
13-16 

12-  91 

13-  03 
13-16 
13-28 

13-03 
13-15 
13-28 
13-40 

13-15 
13-27 
13-40 
13-52 

30  "0 
30*5 
31-0 
31-5 

12-57 
12-69 
12*82 
12-94 

12-69 
12-81 

12-  94 

13-  06 

12-81 

12-  93 

13-  06 
13-18 

12-  93 

13-  05 
13-18 
13*30 

13-05 
13-17 
13-30 
13*42 

13-17 
13-29 
13-42 
13-54 

13-29 
13-41 
13-54 
13-66 

13-41 
13-53 
13-66 
1378 

13*53 
13-65 
1378 
13-90 

13-65 
1377 

13-  90 

14-  02 

oo-n 
325 
33-0 
335 

13-06 
13-18 
13-31 
13-43 

13-18 
13-30 
13*43 
13-55 

13*30 
13-42 
13*55 
13-67 

13  42 
13-54 
13-67 
13*79 

13-54 
13-66 
1379 
13-91 

13-66 
13-78 

13-  91 

14-  03 

1378 

13-  90 

14-  03 
14-15 

13-  90 

14-  02 
14*15 
14-27 

14-02 
14-14 
14*27 
14-39 

14-14 
14-26 
14-39 
14-51 

%rx  U 

34*5 
35-0 
355 

13-55 
13-68 
13-80 
13-92 

13-67 
13-80 

13-  92 

14-  04 

13-79 

13-  92 

14-  04 
14-16 

13-  91 

14-  04 
14-16 
14-28 

14-03 
14-16 
14-28 
14-40 

14-15 
14-28 
14*40 
14-52 

14-27 
14-40 
14-52 
14-64 

14-39 
14-52 
14-64 
1476 

14-51 
14-64 
1476 
14-88 

14-63 
1476 

14-  88 

15-  00 

36-0 

36- 5 

37-  0 
37-5 

14-04 
14-16 
14-29 
14-41 

14-16 
14-28 
14*41 
14-53 

14-28 
14*40 
14-53 
14-65 

14-40 
14-62 
14-65 
1477 

14-52 
14-64 
1477 
14*89 

14-64 
14-76 
14-89 
16-01 

1476 

14-  88 
15*01 

15-  13 

14-  88 
15  00 

15-  13 
15-25 

15*00 

15-  12 

16-  25 
15'37 

15-12 
15-24 
15-37 
15-49 
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Table  LXIX.— For  the  Calcvlatiox  of  Tot  ax.  Solid©  from  Fat 
and  Specific  Gbavity  (Richmond)— nmiinued. 


FAt  percent 

:  6 

Specific 

On  .-it  V 

1 1  ra,  v  1  l  v  - 

■ 

5-3  5*4 

5*6  5*7 

T 

»t*l  Solii 

la  per  cent* 

22*0 

22  5 

23  0 
23*5 

1177 
11-90 
12*02 
12'15 

11-  89  ;  12-01 
1*2D2  12*14 
12'14  ;  12-26 

12-  27  12*39 

12*13 
12-26 
12*38 
12-51 

12-25 
12*38 
12*50 
12-63 

1*2-87 
12-50 
12*62 
1275 

12*49 
12-63 
12*74  ■ 
12-87 

12-61 
j   12 '74 

!  12-S6 

1273 
12-86 
12-98 
13*11 

Y2 

u 

13 
13 

fl  1  -EL 

25  0 
25 1 

12-27 
12-40 
12-52 
12-65 

12*39  12*51 
12"52  12-34 
12-64  12*76 
1277  12-89 

12-63 
1276 
12*88 
13*01 

1275 
12*88 
13-00 
1313 

12*87 
18*00 

13'12 
13*25 

12*99 
13*12 
13*24 
13-37 

13-11 
73-24 
13  36 
13-49 

13*23 
13-36 
13*48 
13-01 

13 
13 
13 

n 

26  0 
2b  5 

27  0 
27  5 

12-  77 
12'90 

13-  02 
13*15 

12*89  13*01 
13-02  13*14 
13  14  13*26 
13-27  13*39 

13-13 
13*26 
13-38 
13*51 

1325 
13-38 
13'50 
13*63 

13-37 
13*50 
13-82 
1375 

13-49 
13-62 

1374 

13-87 

13-61 
1374 
13-66 
13-99 

13-73 

13  -36 
I3-9.S 
14*11 

13 
IS 
14 
14 

28-0 

29  0 

29'5 

13*27 

13-52 
!3-0i 

13  -39 
13*51 
13*64 
1376 

13-51 
13*63 
13-76 
13-88 

13-  63 
1375 
13  88 

14-  00 



1375 
13  87 
14-00 
14-12 

13-87 

13-  99 

14-  12 
14-24 

13*99 
14-11 
14-24 
14*36 

1411 
14-23 
14-36 
14*48 

14-23 
1  14-35 
14-48 
1  4  '60 

14 
14 
14 
14 

30  0 

Wt*fl 

oU  -  j 

31  0 
31'5 

1377 
13*89 
14 '02 
14*14 

13*89 
14-01 
14']  \ 
14'26 

14*01 
1413 
14-26 

14 -as 

14-13 

w$& 

14*38 
14-50 

14'25 
14*37 
14-50 
14'62 

14*37 
14-49 
14'62 
1474 

11*19 
1-3  til 

1474 
14-86 

14-61 
14-73  , 
14-86 
14-93 

14  73 
14-85 
14-93 
15*10 

14 
14 

15 
15 

32U 

33  0 
335 

14-26 

14*38 
14  51 
14 '63 

14'3S 
14-50 
14-63 
14  75 

14-50 
14*62 
1475 
14-87 

14*132 
14  74 
14'87 
14-99 

1474 
14 

14*99 
15-11 

14-86 

14-  98 

15-  11 
15-23 

14*98 
15*10 
15*23 
15-35 

15-10  15-22 
15*22  !  15-34 
15  35  15-47 
15'47  .  15*59 

15 
15 
15 
15 

34*0 
345 
35  0 
35  5 

]  J 

14*88 
15*00 
15-12 

14*87 
15  00 
15-12 
15  24 

14-  99 

15-  12 
15*24 

15 '36 

15-1  ] 
15-24 
15*36 
15*48 

15-23 
15*36 
1.1-48 
15*60 

15-35 
15-48 
15*60 
15'72 

15*47 
15-60 
1572 
15*84 

15-59 
1572  ' 

15*84 ; 

15-96  | 

1 

15-71 
15-84 

15-  96  , 

16-  08 

15 
15- 
16* 
16- 

16 'J 
16-- 
16-! 
16  ■< 

36  0 

36-  5 

37-  0 

1  375 

_ 

15-24 
15*36 

ln-ei 

15*36 
15'48 
16-dl 
15*73 

15*48 
15-60 
1573 
15"85 

15-60 
1572 
15-85 
15-97 

1572 
15*84 
15*97 
16-Q9 

15*54 

15-  96 

16-  09 
lfl-i-1 

15*96 
16-08 
16*21 
16-33 

lfl'08 
16-20 
16*33 
16*45 

16'20 
16-32 
16-45 

16-57 
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Table  LXIX.— For  the  Calculation  of  Total  Solids  feom  Fat 
and  Specific  Gravity  (Richmond)— continued. 


Fat  per  cent. 

Fat  per  cent. 

Specific 
Gravity. 

61 

6-2 

63 

64 

6-5 

Specific 
Gravity. 

61 

6-2 

6*3 

6*4 

6-5 

Total  Solids  per  cent. 

Total  Solids  per  cent. 

22*0 
22-5 
23D 
235 

12-  97 

13-  10 
13*22 
13-35 

13-09 
13-22 
13*34 
13-47 

13*21 
13*34 
13*46 
13*59 

13*33 
13*46 
13*58 
13*71 

13*45 
13*58 
13*70 
13*83 

SOD 
30'5 
31D 
31-5 

14*97 
15*09 
15*22 
16*34 

15*09 
15*21 
15*34 
15-46 

15*21 
15*33 
15*46 
16-58 

15*33 
15*45 
15*68 
15-70 

15-45 
15-57 

15  VO 
15-82 

24*0 

24-  5 

25-  0 
255 

13-47 
13-60 
13-72 
13-85 

13*59 
13-72 
13*84 
13*97 

13*71 
13*84 
13*96 
14*09 

13*83 
13*96 
14*08 
14*21 

13*95 
14*08 
14-20 
14*33 

32D 
32*5 
33-0 
335 

15*46 
15*58 
15*71 
15*83 

15-58 
1570 
15-83 
15  95 

15-70 
15-82 
15*95 
16*07 

15-82 

15-  94 

16-  07 
16-19 

15'94 
16*06 
16*19 
16*81 

26D 

26-  5 

27-  0 
275 

13-  97 

14-  10 
14-22 
14-35 

14*09 
14*22 
14*34 
14-47 

14*21 
14*34 
14*46 
14*59 

14*83 
14*46 
14*58 
14*71 

14*45 
14*58 
14*70 
14*83 

34*0 
34*5 
35D 
355 

15*95 
16*08 
16*20 
16*32 

16-07 
16*20 
16-82 
16*44 

16*19 
16  32 
16*44 
16*56 

1631 
16-44 
16-56 
16-68 

16*43 
16*56 
16'68 
16*80 

28*0 
285 
29D 
295 

14-47 
14-59 
14-72 
14-&4 

14-69 
14-71 
14-84 
14*96 

14*71 
14*83 
14*96 
15*08 

14*83 
14*95 
15*08 
15*20 

14*95 
15*07 
15*20 
15*32 

36*0 
36-5 
37D 
375 

16*44 
16*56 
16-69 
16*81 

16-56 
16*68 
16*81 
16*93 

16*68 
16*80 
16*93 
17*05 

16-80 
16*92 
17*05 
17*17 

16*92 
17-04 
17-17 
17-29 
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THE  SALE  OF  FOOD  AND  DRUGS  ACT,  1875. 

An  Act  to  Repeal  the  Adulteration  of  Food  Acts,  and  to  Make  Bette: 
Provision  for  the  Sale  of  Food  and  Drugs  in  a  Pure  State.  [38  k  a 
Vict.,  ch.  63.] 

Whereas  it  is  desirable  that  the  Acts  now  in  force  relating  to  the  adulteration  of  foe 
should  be  repealed,  and  that  the  law  regarding  the  Bale  of  food  and  drags  in  a  pore  an< 
genuine  condition  should  be  amended : 

Be  it  therefore  enacted  by  the  Queen's  most  Excellent  Majesty,  by  and  with  the  advk 
and  consent  of  the  Lords  Spiritual  and  Temporal,  and  Commons,  in  this  present  Parlia 
ment  assembled,  and  by  the  authority  of  the  same,  as  follows : 

1.  From  the  commencement  of  this  Act,  the  statutes  of  the  twenty- third  and  twentj 
fourth  of  Victoria,  chapter  eighty- four,  of  the  thirty-first  and  thirty-second  of  Victoria 
chapter  one  hundred  and  twenty-one,  section  twenty-four,  of  the  thirty -third  and  thirtj 
fourth  of  Victoria,  chapter  twenty  six,  section  three,  and  of  the  thirty-fifth  and  thirty 

  sixth  of  Victoria,  chapter  seventy-four,  shall  be  repealed,  except  in  regard  to  any  appoinl 

Vict*  *74*  96  ment  m&de  under  them  and  not  then  determined,  and  in  regard  to  any  offence  committe 
°'         against  them  or  any  prosecution  or  other  act  commenced  ana  not  concluded  or  completed 
and  any  payment  of  money  then  due  in  respect  of  any  provision  thereof. 

2.  The  term  "  food  "  shall  include  every  article  used  for  food  or  drink  by  man,  othe 
than  drugs  or  water : 

The  term  "  drug  "  shall  include  medicine  for  internal  or  external  use  : 
The  term  "  county"  shall  include  every  county,  riding,  and  division,  as  well  as  ever 
county  of  a  city  or  town  not  being  a  borough : 

The  term  " justices"  shall  include  any  police  or  stipendiary  magistrate  invested  wit 
the  powers  of  a  justice  of  the  peace  in  England,  and  any  divisional  justices  in  Ireland. 


Repeal  of  23 
A  24  Vict.  c. 
84 ,  A  31  *  82 
Vict  e.  121 
8.  24, 88  A  34 
Vict  c.  M 


Definitions. 


Mixing, 
colouring, 
staining  so  as 
to  injure 
health. 


No  drug  to 
\*e  coloured, 
etc.,  bo  as  to 
injure  its 
quality. 


Guilty 
knowledge 
essential  to 
the  proof  of 
>foe  otfence. 


Description  of  Offences. 

3.  No  person  shall  mix,  colour,  stain,  or  powder,  or  order  or  permit  any  other  perso: 
to  mix,  colour,  stain,  or  powder,  any  article  of  food  with  any  ingredient  or  material  so  a 
to  render  the  article  injurious  to  health,  with  intent  that  the  same  may  be  sold  in  tha 
state,  and  no  ixsrson  shall  sell  any  such  article  so  mixed,  coloured,  stained,  or  powdered 
under  a  j>enafty  in  each  case  not  exceeding  fifty  pounds  for  the  first  offence  ;  ever 
offence,  after  a  conviction  for  a  first  offence,  shall  be  a  misdemeanour,  for  which  the  person 
on  conviction,  shall  be  imprisoned  for  a  period  not  exceeding  six  months  with  han 
labour. 

4.  No  person  shall,  except  for  the  purpose  of  compounding  as  hereinafter  described 
mix,  colour,  stain,  or  powder,  or  order  or  permit  any  other  person  to  mix,  colour,  stain 
or  powder,  any  drug  with  any  ingredient  or  material  so  as  to  affect  injuriously  the  quality 
or  potency  of  such  arug,  with  intent  that  the  same  may  be  sold  in  that  state,  and  nc 
person  shall  sell  any  such  drug  so  mixed,  coloured,  stained,  or  powdered,  under  the  same 
penalty  in  each  case  respectively  as  in  the  preceding  section  for  a  first  and  subsequent 
offence. 

5.  Provided  that  no  person  shall  be  liable  to  be  convicted  under  either  of  the  two  last 
foregoing  sections  of  this  Act  in  respect  of  the  sale  of  any  article  of  food  or  of  any  drug,  if 
he  shows  to  the  satisfaction  of  the  justice  or  court  before  whom  he  is  charged  that  he  did 
not  know  of  the  article  of  food  or  drug  sold  by  him  being  so  mixed,  coloured,  stained,  or 
powdered,  as  in  either  of  those  sections  mentioned,  and  that  he  could  not  with  reasonable 
diligence  have  obtained  that  knowledge. 

6.  No  person  shall  sell  to  the  prejudice  of  the  purchaser  any  article  of  food  or  any  drug 
which  is  not  of  the  nature,  substance,  and  quality  of  the  article  demanded  by  such 
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purchaser!  under  a  penalty  not  exceeding  twenty  pounds  ;  provided  that  an  offence  shall  drugs  to  the 
not  be  deemed  to  be  committed  under  this  section  in  the  following  cases  ;  that  is  to  say.  prejudice  of 

0  Jt  purchaser. 

(1.)  Where  any  matter  or  ingredient  not  injurious  to  health  has  been  added  to  the  Exception*, 
food  or  drug  because  the  same  is  required  for  the  production  or  preparation 
thereof  as  an  article  of  commerce,  in  a  state  fit  for  carriage  or  consumption, 
and  not  fraudulently  to  increase  the  bulk,  weight,  or  measure  of  the  food  or 
drug,  or  conceal  the  inferior  quality  thereof : 
(2.)  Where  the  drug  or  food  is  a  proprietary  medicine,  or  is  the  subject  of  a  patent  in 

force,  and  is  supplied  in  the  state  required  by  the  specification  of  the  patent : 
(3. )  Where  the  food  or  drug  is  compounded  as  in  this  Act  mentioned : 
(4.)  Where  the  food  or  drug  is  unavoidably  mixed  with  some  extraneous  matter  in 
the  process  of  collection  or  preparation. 

7.  No  person  shall  sell  any  compound  article  of  food  or  compounded  drug  which  is  Compound 
not  composed  of  ingredients  in  accordance  with  the  demand  of  the  purchaser,  under  a  ,02it?f  J*™* 
penalty  not  exceeding  twenty  pounds.  *ccor£mce 

8.  Provided  that  no  person  shall  be  guilty  of  any  such  offence  as  aforesaid  in  respect  with  the 
of  the  sale  of  an  article  of  food  or  a  drug  mixed  with  any  matter  or  ingredient  not  injurious  demands  of 
to  health,  and  not  intended  fraudulently  to  increase  its  bulk,  weight,  or  measure,  or  puTrJ?j!er' 
conceal  its  inferior  quality,  if  At  the  time  of  delivering  such  article  or  drug  he  shall  supply  dJcriDt?Te 
to  the  person  receiving  the  same  a  notice,  by  a  label  distinctly  and  legibly  written  or  notice  exon- 
printed  on  or  with  the  article  or  drug,  to  the  effect  that  the  same  is  mixed.  erates  seller. 

9.  No  person  shall,  with  the  intent  that  the  same  may  be  sold  in  its  altered  state  Abstraction  o 
without  notice,  abstract  from  an  article  of  food  any  part  of  it  so  as  to  affect  injuriously  °Jl}^l^enta 
its  quality,  substance,  or  nature,  and  no  person  shall  sell  any  article  so  altered  without OIlooa* 
making  disclosure  of  the  alteration,  under  a  penalty  in  each  case  not  exceeding  twenty 

pounds. 

Appointment  and  Duties  of  Analysts,  and  Proceedings  to  obtain  the 
appointment  of  Analysts. 

10.  In  the  city  of  London  and  the  liberties  thereof  the  Commissioners  of  Sewers  of  the  The  local 
City  of  London  and  the  liberties  thereof,  and  in  all  other  parts  of  the  metropolis,  the  b<^J*i  by 
vestries  and  district  boards  acting  in  execution  of  the  Act  for  the  better  local  management  Inalysts  may 
of  the  metropolis,  the  court  of  quarter  sessions  of  every  county,  and  the  town  council  of  be,  or  are  to 
every  borough  having  a  separate  court  of  quarter  sessions,  or  having  under  any  general  j"',*plj0j"i** 
or  local  Act  of  Parliament  or  otherwise  a  separate  police  establishment,  may,  as  soon  as  Kn«1*n<1- 
convenient  after  the  passing  of  this  Act,  where  no  appointment  has  been  hitherto  made, 

and  in  all  cases  as  and  when  vacancies  in  the  office  occur,  or  when  required  so  to  do  by 
the  Local  Government  Board,  shall  for  their  respective  city,  districts,  counties,  or 
boroughs,  appoint  one  or  more  persons  possessing  competent  knowledge,  skill,  and 
experience,  as  analysts  of  all  articles  of  food  ana  drugs  sold  within  the  said  city, 
metropolitan  districts,  counties,  or  boroughs,  and  shall  pay  to  such  analysts  such  re- 
muneration as  shall  be  mutually  agreed  upon,  and  may  remove  him  or  them  as  they 
shall  deem  proper ;  but  such  appointments  and  removals  shall  at  all  times  be  subject  to 
the  approval  of  the  Local  Government  Board,  who  may  require  satisfactory  proof  of 
competency  to  be  supplied  to  them,  and  may  give  their  approval  absolutely  or  with 
modifications  as  to  the  period  of  the  appointment  and  removal,  or  otherwise  ;  provided 
that  no  person  shall  hereafter  be  appointed  an  analyst  for  any  place  under  this  section 
who  shall  be  engaged  directly  or  indirectly  in  any  trade  or  business  connected  with  the 
sale  of  food  or  drugs  in  such  place. 

In  Scotland  the  like  powers  shall  be  conferred  and  the  like  duties  shall  be  imposed  Appointment 
upon  the  commissioners  of  supply  at  their  ordinary  meetings  for  counties,  ana  the  ln  Scotland, 
commissioners  or  boards  of  police,  or  where  there  are  no  such  commissioners  or  boards, 
upon  the  town  councils  for  burghs  within  their  several  jurisdictions  ;  provided  that  one 
of  Her  Majesty's  Principal  Secretaries  of  State  in  Scotland  shall  be  substituted  for  the 
Local  Government  Board  of  England. 

In  Ireland  the  like  powers  and  duties  shall  be  conferred  and  imposed  respectively  in  Ireland, 
upon  the  grand  jury  of  every  county  and  town  council  of  every  borough  ;  provided  that 
the  Local  Government  Board  of  Ireland  shall  be  substituted  for  the  Local  Government 
Board  of  England. 

11.  The  town  council  of  any  borough  may  agree  that  the  analyst  appointed  by  any  Town  Council 
neighbouring  borough  or  for  the  county  in  which  the  borough  is  situated,  shall  act  for  mJ{£ 

their  borough  during  such  time  as  the  said  council  shall  think  proper,  and  shall  make  MiiSboIir- 
due  provision  for  the  payment  of  his  remuneration,  and  if  such  analyst  shall  consent,  ing  county  or 
he  shall  during  such  time  be  the  analyst  for  such  borough  for  the  purposes  of  the  Act  borough. 
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A 11 7 purchaser  12.  Any  purchaser  of  any  article  of  food  or  of  a  drag  in  any  place  being  a  distriei 
of  foodi  or  county,  city,  or  borough  where  there  is  any  analyst  appointed  under  this  or  any  A- 
ffSjJ J5  on  hereby  repealed  shall  be  entitled,  on  payment  to  such  analyst  of  a  sum  not  exceeding  t- 
payment  of  a  shillings  and  sixjence,  or  if  there  be  no  such  analyst  then  acting  for  such  place,  to  u 
fee,  u>  hare  an  analyst  of  another  place,  of  such  sum  as  may  tie  agreed  upon  between  such  person  in 
analysis  and  tMe  analyst,  to  have  such  article  analysed  "by  such  analyst,  and  to  receive  from  him 
ceruncate.     certificate  of  the  result  of  his  analysis. 

13.  Any  medical  officer  of  health,  insjiector  of  nuisances,  or  inspector  of  weight)  si 
measures,  or  anv  insjicctor  of  a  market,  or  any  (Kilice  constable  under  the  direction  az 
at  the  cost  of  tlie  local  authority  apjioiuting  "such  officer,  inspector,  or  constable,  • 

 _          charge  1  with  the  execution  of  this  Act,  may  procure  any  sample  of  food  or  drugs,  an-3 

other  officials  he  susjieet  the  same  to  have  beeu  sold  to  nim  contrary  to  any  provision  of  this  Ac 
may  procure  8jia]j  Mliimit  the  same  to  be  analysed  by  the  analyst  of  the  district  or  place  for  whit 
he  acts,  or  if  there  I*  no  such  analyst  then  acting  for  such  place  to  the  analyst  of  anoth 
place,  and  such  analyst  shall,  u]wu  receiving  ]iayment  as  is  provided  in  the  last  sectio: 
with  all  convenient  s|«ed  analyse  the  same  and  give  a  certificate  to  such  officer,  where 
he  shall  speeify  the  result  of  the  aualysis. 

14.  The  person  purchasing  any  article  with  the  intention  of  submitting  the  same 
analyses  shall,  after  the  purchase  shall  have  been  completed,  forthwith  notify  to  t 
seller  or  his  agent  selling  the  article  his  intention  to  have  the  same  analysed  by  t 
public  analyst,  and  shall  [offer  to]  divide  the  article  into  three  parts  to  lie  then  and  th< 
separated,  and  each  [>art  to  be  marked  and  sealed  or  fastened  up  in  such  manner  as 
nature  will  permit,  ami  shall,  if  required  to  do  so  [proceed  accordingly,  and  shall],  delii 
one  of  the  iwrts  to  the  seller  or  his  agent.1 

He  shall  afterwards  retain  on**  of  the  said  1  tarts  for  future  comparison,  and  subn 
the  third  part,  if  he  deems  it  right  to  have  the  article  analysed,  to  the  analyst. 
[1;».  Repealed  by  Sale  of  Food  and  Drugs  Act,  1S99.J 

16.  If  the  analyst  do  nut  n-ide  within  two  miles  of  the  residence  of  the  pen 
}?"'orTMSeJ  requiring  the  article'  to  lie  analysed,  such  article  may  be  forwarded  to  the  analyst  thron 
through  the    tn(j  ^K)st  office  M  a  rpgktered  "letter,"  s  sub.itH.-t  to  any  regulations  which  the  Postman 

General  may  make  in  reference  to  the  carrying  and  deliver}*  of  such  an  article,  and  1 
charge  for  the  postage  of  such  article  >hall  Ik-  deemed  one  of  the  charges  of  this  Act, 
of  the  prosecution,  as  the  case  may  be. 

17.  If  any  such  officer,  insj>ector,  or  constable,  as  above  described,  shall  apply 
purchase  any  article  of  food  or  any  drug  exposed  to  sale,  or  011  wile  by  retail  on  s 
premises,  or  in  any  simp  or  stores,  and  shall  tender  the  price  for  the  quantity  which 
shall  require  for  the  purpose  of  analysis,  not  being  more  than  shall  be  reasonably  requis: 
and  the  ]h*i^>ii  ex|NiMngthe  same  for  sale  shall  refuse  to  sell  the  same  to  such  offic 
ins]K*ct(ir,  or  constable,  such  person  shall  l>e  liable  to  a  ]>enalty  not  exceeding  ten  poun 

lb.  The  certificate  of  the  analysis  shall  be  in  the  form  set  forth  in  the  schedule  hen 
or  the  like  effect. 

Analysts  must  19.  Kvery  analyst  appointed  under  any  Act  hereby  rej»ealed  or  this  Act  shall  rep 
*""""r  quarterly  to  the  authority  appointing  him  the  number  of  articles  analysed  by  him  un 

this  Act  during  the  foregoing  quarter,  and  shall  specify  the  result  of  each  analysis  t 
the  sum  paid  to  him  in  respect  thereof,  and  such  report  shall  be  presented  at  the  11 
meeting  of  the  authority  appointing  such  analyst,  and  every  such  authority  si 
annually  transmit  to  the  Local  Government  Hoard,  at  such  time  and  in  such  form"  as  1 
Board  shall  direct,  a  certified  copy  of  such  quarterly  report. 


Medical 
officers  of 
health, 
Inspectors, 
na  certain 


roplei  for 
analysis. 


The  person 
purchasing 
must  notify 
his  Intention 
of  having  the 
article 
analysed  by 
the  public 
analyst,  and 
divide  it  Into 
three  parts. 


Articles  may 


post. 


Penalty  for 
refusing  to 
sell. 


Certificate. 


report 
quarterly. 


Proceedings 
after  receipt 
of  certificate. 


Recovery  of 
penalties. 


PrncwUi\[i*  ntjainat  Offenders. 

20.  When  the  analyst  having  analysed  any  article  shall  have  given  his  certificate 
the  result,  from  which  it  may  ap[M?ar  that  an  offence  against  some  one  of  the  provisif 
of  this  Act  has  been  committed,  the  [M.>rson  causing  the  analysis  to  be  made  may  ts 
proceedings  for  the  recovery  of  the  iieualty  herein  imposed  for  such  offence,  before  a 
justices  in petty  sessions  assembled  having  jurisdiction  in  the  place  where  the  article 
drug  sold  was  actually  delivered  to  the  purchaser,  in  a  summary  manner. 

Every  inmalty  imjwsed  by  this  Act  .shall  be  recovered  in  England  in  the  mam 
prescribed  by  the  eleventh  and  twelfth  of  Victoria,  chapter  forty-three.  In  Ireland  su 
penalties  and  proceedings  shall  be  recoverable,  and  may  be  taken  with  res]>ect  to  t 
l>olice  district  of  Dublin  metropolis,  subject  and  according  to  the  provisions  of  any  A 
regulating  the  lowers  and  duties  of  justices  of  the  |»eaee  for  such  district,  or  of  the  poll 
of  such  district ;  and  with  respect  to  other  parts  of  Ireland,  before  a  justice  or  justices 

l  The  words  in  brackets  have  been  repealed  by  section  13  Sale  of  Food  and  Drags  Act,  1899,  p.  59* 
2 For  "letter,"  the  word  "parcel"  is  U>  be  substituted  by  section  15  Sale  of  Food  and  Drvt 
Act,  1890. 
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the  peace  sitting  in  petty  sessions,  subject  and  according  to  the  provisions  of  "The  Petty 
Sessions  (Ireland)  Act,  1851,"  and  any  Act  amending  the  same. 

Every  penalty  herein  imposed  may  be  reduced  or  mitigated  according  to  the  judgment 
of  the  justices. 

21.  At  the  hearing  of  the  information  in  such  proceeding  the  production  of  the  Production  of 
certificate  of  the  analyst  shall  be  sufficient  evidence  of  the  facts  tnerein  stated,  unless  the  JJIden^wut 
defendant  shall  require  that  the  analyst  shall  be  called  as  a  witness,  and  the  parts  of  the  analystmust 
articles  retained  by  the  person  who  purchased  the  article  shall  be  produced,  and  the  attend  if  re- 
defendant  may,  if  he  think  fit,  tender  himself  and  his  wife  to  be  examined  on  his  behalf,  Sa{petjpi6 
and  he  or  she  shall,  if  he  so  desire,  be  examined  accordingly.  hU  wSemaj 

22.  The  justices  before  whom  any  complaint  may  be  made,  or  the  court  before  whom  if  they  choose, 
any  appeal  may  be  heard,  under  this  Act  may,  upon  the  request  of  either  party  in  their  examined, 
discretion,  cause  any  article  of  food  or  drug  to  be  sent  to  the  Commissioners  of  Inland  Justices  may 
Revenue,  who  shall  thereupon  direct  the  chemical  officers  of  their  department  at  Somerset  **nd  sample 
House  to  make  the  analysis,  and  give  a  certificate  to  such  justices  of  the  result  of  the  ^Q^ier8et 
analysis ;  and  the  expense  of  such  analysis  shall  be  paid  by  the  complainant  or  the 
defendant  as  the  justices  may  by  order  direct 

23.  Any  person  who  has  been  convicted  of  any  offence  punishable  by  any  Act  hereby  Appeal  to 
repealed  or  by  this  Act  by  any  justices  may  appeal  in  England  to  the  next  general  or  JJ"^01* 
quarter  sessions  of  the  peace  which  shall  be  held  for  the  city,  county,  town,  or  place  MMIOUt* 
wherein  such  conviction  shall  have  been  made,  provided  that  such  person  enter  into  a 
recognisance  within  three  days  next  after  such  conviction,  with  two  sufficient  sureties, 
conditioned  to  try  such  ap]>eal,  and  to  be  forthcoming  to  abide  the  judgment  and 
determination  of  the  court  at  such  general  or  quarter  sessions,  and  to  pay  such  costs  as 

shall  be  by  such  court  awarded  ;  and  the  justices  before  whom  such  conviction  shall  be 
had  are  hereby  empowered  and  required  to  take  such  recognisance ;  and  the  court  at 
such  general  or  quarter  sessions  are  hereby  required  to  hear  and  determine  the  matter  of 
such  appeal,  and  may  award  such  costs  to  the  party  appealing  or  appealed  against  as 
they  or  he  shall  think  proper. 

In  Ireland  any  person  who  has  been  convicted  of  any  offence  punishable  by  this  Aot  Appeals  in 
may  appeal  to  the  next  court  of  quarter  sessions  to  be  held  in  the  same  division  of  the  Ireland- 
county  where  the  conviction  shall  be  made  by  any  justice  or  justices  in  any  petty  sessions 
district,  or  to  the  recorder  at  his  next  sessions  where  the  conviction  shall  be  made  by  the 
divisional  justices  in  the  police  district  of  Dublin  metropolis,  or  to  the  recorder  of  any 
corporate  or  borough  town  when  the  conviction  shall  be  made  by  any  justice  or  justices 
in  such  corporate  or  borough  town  (unless  when  any  such  sessions  shall  commence  within 
ten  days  from  the  date  of  any  such  conviction,  in  which  case,  if  the  appellant  sees  fit, 
the  appeal  may  be  made  to  the  next  succeeding  sessions  to  be  held  for  such  division  or 
town),  and  it  shall  be  lawful  for  such  court  of  quarter  sessions  or  recorder  (as  the  case 
may  be),  to  decide  such  appeal,  if  made  in  such  form  and  manner  and  with  such  notices 
as  are  required  by  the  said  Petty  Sessions  Acts  respectively  hereinbefore  mentioned  as  to 
appeals  against  orders  made  by  justices  at  petty  sessions,  and  all  the  provisions  of  the 
said  Petty  Sessions  Acts  respectively  as  to  making  apjieals  and  as  to  executing  the  orders 
made  on  appeal,  or  the  original  orders  where  the  appeals  shall  not  be  duly  prosecuted, 
and  shall  also  apply  to  any  appeal  made  under  this  Act 

24.  In  any  prosecution  under  this  Act,  where  the  fact  of  an  article  having  been  Incumbent  01 
sold  in  a  mixed  state  has  been  proved,  if  the  defendant  shall  desire  to  rely  upon  any  JjJjJjJJJi  vL 
exception  or  provision  contained  in  this  Act,  it  shall  be  incumbent  upon  him  to  prove  oomes  within 
the  same.  any  exception 

26.  If  the  defendant  in  any  prosecution  under  this  Act  prove  to  the  satisfaction  of  the  withregardfc 
justices  or  court  that  he  had  purchased  the  article  in  question  as  the  same  in  nature,  matters, 
substance,  and  quality  as  that  demanded  of  him  by  the  prosecutor,  and  with  a  written  Wpltten 
warranty  to  that  effect,  that  he  had  no  reason  to  believe  at  the  time  when  he  sold  it  that  warranty  a 
the  article  was  otherwise,  and  that  he  sold  it  in  the  same  state  as  when  he  purchased  it,  good  defence 
he  shall  be  discharged  from  the  prosecution,  but  shall  be  liable  to  pay  the  costs  incurred 
by  the  prosecutor,  unless  he  shall  have  given  due  notice  to  him  that  he  will  rely  on  the 
above  defence. 

26.  Every  penalty  imposed  and  recovered  under  this  Act  shall  be  paid  in  the  case  of  Penalties  in 
a  prosecution  by  any  officer,  inspector,  or  constable,  of  the  authority  who  shall  liave  EnS*2? 10 
appointed  an  analyst  or  agreed  to  the  acting  of  an  analyst  within  their  district,  to  such  Authority  and 
officer,  inspector,  or  constable,  and  shall  be  by  him  paid  to  the  authority  for  whom  he  Ira  applied  to 
acts,  and  be  applied  towards  the  expense  of  executing  this  Act,  any  Statute  to  the  ^^."f61  of 
contrary  notwithstanding  ;  but  in  the  case  of  any  other  prosecution  the  same  shall  be  i^nd  in 
paid  and  applied  in  England  according  to  the  law  regulating  the  application  of  penalties  manner 
for  offences  punishable  in  a  summary  manner,  and  in  Ireland  in  the  manner  directed  directed  by 
by  the  Fines  Act,  Ireland,  1851,  and  the  Acts  amending  the  same.  Ac*« 
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27.  Any  person  who  shall  forge,  or  shall  utter,  knowing  it  to  be  forged  for  : 
purposes  of  this  Act,  any  certificate  or  any  writing  purporting  to  contain  a  warac 
shall  be  guilty  of  a  misdemeanor  and  be  punishable  on  conviction  by  imprisonment 
a  term  of  not  exceeding  two  years  with  hard  labour ; 

Every  ]*>rson  who  shall  wilfully  apply  to  an  article  of  food,  or  a  drug,  in  any  p 
ceedings  under  this  Act,  a  certificate  or  warranty  given  in  relation  to  any  other  arUck 
drug,  snail  be  guilty  of  an  offence  under  this  Act,  and  be  liable  to  a  penalty  not  exceed 
twenty  pounds ; 

Every  person  who  shall  give  a  false  warranty  in  writing  to  any  purchaser  in  res] 
of  an  article  of  food  or  a  drug  sold  by  him  as  principal  or  agent,  shall  be  guilty  oi 
offence  under  this  Act,  and  be  liable  to  a  penalty  not  exceeding  twenty  pounds ; 

And  every  person  who  shall  wilfully  give  a  fable  with  any  article  sold  by  him  wt 
shall  falsely  describe  the  article  sold,  shall  be  guilty  of  an  offence  under  this  Act,  ant 
liable  to  a  penalty  not  exceeding  twenty  pounds. 

28.  Nothing  in  this  Act  contained  shall  affect  the  power  of  proceeding  by  indictxu 
or  take  away  any  other  remedy  against  any  offender  under  this  Act,  or  in  any  way  in 
fere  with  contracts  and  bargains  between  individuals,  and  the  rights  and  rem* 
belonging  thereto. 

Provided  that  in  any  action  brought  by  any  |>erson  for  a  breach  of  contract  on  the 
of  any  article  of  food  or  of  any  drug,  such  person  may  recover  alone  or  in  addition  to 
other  damages  recoverable  by  him  the  amount  of  any  penalty  in  which  he  may  have  1 
convicted  under  this  Act,  together  with  the  costs  paid  by  him  upon  such  conviction 
those  incurred  by  him  in  and  about  his  defence  thereto,  if  he  prove  that  the  articl 
drug  the  subject  of  such  conviction  was  sold  to  him  as  and  for  an  article  or  drug  of 
same  nature,  substance,  and  quality  as  that  which  was  demanded  of  him,  and  tha 
purchased  it  not  knowing  it  to  l>e  otherwise,  and  afterwards  sold  it  in  the  same  stat 
which  he  purchased  it ;  the  defendant  in  such  action  being  nevertheless  at  libert 
prove  that  the  conviction  was  wrongful,  or  that  the  amount  of  costs  awarded  or  clai 
was  unreasonable. 

Rrpcnncs  of  Executing  the  Act. 

29.  The  cxi>ense8  of  executing  this  Act  shall  be  borne,  in  the  city  of  London  and 
liberties  thereof,  by  the  consolidated  rates  raised  by  the  Commissioners  of  Sewers  of 
city  of  London  and  the  liberties  thereof,  and  in  the  rest  of  the  metropolis  by  any  rati 
funds  applicable  to  the  puqtoses  of  the  Act  for  the  better  local  management  of 
metrojKms,  and  otherwise  as  regards  England,  in  counties  by  the  county  rate,  an 
boroughs  by  the  borough  fund  or  rate  ; 

And  as  regards  Ireland,  in  counties  by  the  grand  jury  cess,  and  in  boroughs  by 
borough  fund  or  rate  ;  all  such  ex]»enses  jwyablc  in  any  county  out  of  grand  jury 
shall  be  {taid  by  the  treasurer  of  such  county  ;  and 

The  grand  jury  of  any  such  county  shall,  at  any  assizes  at  which  it  is  proved  that 
such  ex|K*])ses  have  been  incurred  or  paid  without  previous  application  to  presentu 
sessions,  present  to  be  raised  off  and  paid  by  such  county  the  moneys  required  to  de 
the  same. 


Special  pro- 
vision as 
to  tea. 


n,n<iue  ports. 


Special  Provision  as  to  Tea. 

30.  From  and  after  the  iii'st  day  of  January  one  thousand  eight  hundred  and  sevci 
six  all  tea  imported  as  merchandise  into  and  landed  at  any  {tort  in  Great  Britaii 
Ireland  shall  be  subject  to  examination  by  persons  to  be  ap]K>inted  by  the  Commissio] 
of  Customs,  subiect  to  the  approval  of  the  Treasury,  for  the  insiwction  and  anal 
thereof,  for  which  i)uq>ose  samples  may,  when  deemed  necessary  by  such  inspectors, 
taken,  and  with  all  convenient  speed  be  examined  by  the  analysts  to  be  so  appoint 
and  if  uiK>n  such  analysis  the  same  shall  be  found  to  be  mixed  with  other  substance* 
exhausted  tea,  the  same  shall  not  be  delivered  unless  with  the  sanction  of  the  c 
commissioners,  and  on  such  terms  and  conditions  as  they  shall  see  fit  to  direct,  either 
home  consumption  or  for  use  as  ships'  stores  or  for  exj*>rtation  ;  but  if  on  such  insi»ect 
and  analysis  it  shall  appear  that  such  tea  is  in  the  opinion  of  the  analyst  unfit  for  hun 
food,  the  same  shall  be  forfeited  and  destroyed  or  otherwise  disposed  of  in  such  man; 
as  the  said  commissioners  may  direct 

31.  Tea  to  which  the  term  14  exhausted  "  is  applied  in  this  Act  shall  mean  and  inch 
any  tea  which  has  been  deprived  of  its  proper  quality,  strength,  or  virtue  by  steepii 
infusion,  decoction,  or  other  means. 

32.  For  the  purposes  of  this  Act  every  liberty  of  a  cinque  port  not  comprised  with 
the  jurisdiction  of  a  borough  shall  be  part  of  the  county  in  which  it  is  situated,  a: 
subject  to  the  jurisdiction  of  the  justices  of  such  county. 
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33.  In  the  application  of  this  Act  to  Scotland  the  following  provisions  shall  have  Special 
effect :  applications 

1 .  The  term  • 4  misdemeanor  "  shall  mean  4 4  a  crime  or  offence :  "  to  Hootlan<,• 

2.  The  term  44  defendant "  shall  mean  44  defender,"  and  include  41  respondent : " 

3.  The  term  44  information  "  shall  include  "  complaint : " 

4.  This  Act  shall  be  read  and  construed  as  if  for  the  term  * 4  justices,"  wherever  it  occurs 

therein,  the  term  44  sheriff  "  were  substituted : 

5.  The  term  44  sheriff"  shall  include  44  sheriff-substitute :  " 

6.  The  term  44  borough"  shall  mean  any  royal  burgh  and  any  burgh  returning  or  con-  Deflnlttons  of 

tributing  to  return  a  member  to  Parliament :  borough. 

7.  The  expenses  of  executing  this  Act  shall  be  borne  in  Scotland,  in  counties,  by  the  Expenses. 

county  general  assessment,  and  in  burghs,  by  the  police  assessment : 

8.  This  Act  shall  be  read  and  construed  as  if  for  the  expression  44  the  Local  Government  Local  Govern- 

Board,"  wherever  it  occurs  therein,  the  expression  4 4  one  of  Her  Majesty's  Principal  raent  Bo*Kl- 
Secretaries  of  State  "  were  substituted : 

9.  All  penalties  provided  by  this  Act  to  be  recovered  in  a  summary  manner  shall  be  Penalties 

recovered  before  the  sheriff  of  the  county  in  the  sheriff  court,  or  at  the  option  of 
the  person  seeking  to  recover  the  same  in  the  police  court,  in  any  place  where  a 
sheriff  officiates  as  a  police  magistrate,  under  the  provisions  of  The  Summary 
Procedure  Act,  1864,"  or  of  the  Police  Act  in  force  for  the  time  in  any  place  in 
which  a  sheriff  officiates  as  aforesaid,  and  all  the  jurisdiction,  powers,  and 
authorities  necessary  for  this  purpose  are  hereby  conferred  on  sheriffs : 

Every  such  penalty  may  be  recovered  at  the  instance  of  the  procurator-fiscal  of 
the  jurisdiction,  or  of  the  person  who  caused  the  analyses  to  be  made  from  which 
it  appeared  that  an  offence  had  been  committed  against  some  one  of  the  provisions 
of  tnis  Act. 

Every  penalty  imposed  and  recovered  under  this  Act  shall  be  paid  to  the  clerk 
of  court,  and  by  him  shall  be  accounted  for  and  paid  to  the  treasurer  of  the  county 
general  assessment,  or  the  police  assessment  of  the  burgh,  as  the  sheriff  shall  direct. 

10.  Every  penalty  imposed  by  this  Act  may  be  reduced  or  mitigated  according  to  the 

judgment  of  the  sheriff: 

11.  It  shall  be  competent  to  any  person  aggrieved  by  any  conviction  by  a  sheriff  in  any 

summary  proceeding  under  this  Act  to  appeal  against  the  same  to  the  next  circuit 
court,  or  where  there  are  no  circuit  courts  to  the  High  Court  of  Justiciary  at 
Edinburgh,  in  the  manner  prescribed  by  such  of  the  provisions  of  the  Act  of  the 
twentieth  year  of  the  reign  of  King  George  the  Second,  chapter  forty-three,  and 
any  Acts  amending  the  same,  as  relate  to  appeals  in  matters  criminal,  and  by  and 
under  the  rules,  limitations,  conditions  and  restrictions  contained  in  the  said 
provisions. 

34.  In  the  application  of  this  Act  to  Ireland,. —  Special 

The  term  44  borough  "  shall  mean  any  borough  subject  to  the  Act  of  the  session  Jp?Uc1att<i,,, 
of  the  third  and  fourth  years  of  the  reign  of  Her  present  Majesty,  chapter  one 
hundred  and  eight,  intituled  44  An  Act  for  the  Regulation  of  Municipal  Corporations  DefinMons. 
in  Ireland."    *  *  *>rou&. 

The  term  41  county  "  shall  include  a  county  of  a  city  and  a  county  of  a  town  not  County, 
being  a  borough. 

The  term  4 4 assizes"  shall,  with  respect  to  the  county  of  Dublin,  mean  Assizes. 
44 presenting  term." 

The  term  44  treasurer  of  the  county  "  shall  include  any  person  or  persons  or  bank  Treasurer, 
in  any  county  performing  duties  analogous  to  those  of  the  treasurer  of  the  county 
in  counties,  ana,  with  respect  to  the  county  of  Dublin,  it  shall  mean  the  finance 
committee : 

The  term  44  police  constable  "  shall  mean,  with  respect  to  the  police  district  of  Pollcew 
Dublin  metropolis,  constable  of  the  Dublin  Metropolitan  Police,  and  with  respect  co"™"6* 
to  any  other  part  of  Ireland,  constable  of  the  Royal  Irish  Constabulary  : 

35.  This  Act  shall  commence  on  the  first  day  of  October  one  thousand  eight  hundred  Commence 
and  seventy-five.  ment  of  Act- 

36.  This  Act  may  be  cited  as  "  The  Sale  of  Food  and  Drugs  Act,  1875."  Title. 
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satisfaction  of  the  Court  that  he  had  used  due  diligence  to  enforce  the  execution  of 
Act,  and  that  the  said  other  person  had  committed  the  offence  in  question  witbou 
knowledge,  consent,  or  connivance,  the  said  other  person  shall  be  summarily  con  rim 
such  offence,  and  the  employer  shall  be  exempt  from  any  penalty. 

6.  Every  person  dealing  in  margarine  in  the  manner  described  in  the  preceding  m 
sliall  conform  to  the  following  regulations : 

Every  fiackage,  whether  open  or  closed,  and  containing  margarine,  shall  be  bn 
or  durably  marked  "  Margarine  "  on  the  top,  bottom,  and  sides,  in  printed  capital  le 
not  less  than  three-auarters  of  an  inch  square  ;  and  if  such  margarine  be  exposed  foi 
by  retail,  there  shall  be  attached  to  each  parcel  thereof  so  exposed,  and  in  such  m 
as  to  be  clearly  visible  to  the  purchaser,  a  label  marked  in  printed  capital  letters  no 
than  one  and  a  half  inches  square,  "  Margariue  "  ;  and  every  person  selling  margari 
retail,  save  in  a  package  duly  branded  or  durably  marked  as  aforesaid,  shall  in  ever 
deliver  the  same  to  the  purchaser  in  [or  with]  a  paper  wrapper,  on  which  shall  be  pi 
in  capital  letters,  not  less  than  a  quarter  of  an  inch  square,  "  Margarine.'* 1 

7.  Every  person  dealing  with,  selling,  or  exnosiug,  or  offering  for  sale,  or  havi 
his  possession  for  the  purpose  of  sale,  any  quantity  ofmargarine  contrary  to  the  pro* 
of  this  Act,  shall  be  liable  to  conviction  for  an  offence  against  this  Act,  unless  he : 
to  the  satisfaction  of  the  court  before  whom  he  is  charged  that  he  purchased  the  arti 
question  as  butter,  and  with  a  written  warranty  or  invoice  to  that  effect,  that  he  h 
reason  to  believe  at  the  time  when  he  sold  it  that  the  article  was  other  than  buttei 
that  he  sold  it  in  the  same  state  as  when  he  purchased  it,  and  in  such  case  he  sh 
discharged  from  the  prosecution,  but  shall  be  liable  to  pay  the  costs  incurred  I 

Srosecutor  unless  he  shall  have  given  due  notice  to  him  that  ho  will  rely  upon  the 
efence. 

8.  All  margarine  im]>orted  into  the  United  Kingdom  of  Great  Britain  and  In 
and  all  margarine,  whether  imported  or  manufactured  within  the  United  Kingd 
(ireat  Britain  and  Ireland,  shall,  whenever  forwarded  by  any  public  conveyance,  b 
consigned  as  margarine ;  and  it  shall  be  lawful  for  any  officer  of  Her  Majesty's  Cu 
or  Inland  Revenue,  or  any  medical  officer  of  health,  inspector  of  nuisances,  or 
constable,  authorised  under  section  thirteen  of  the  Sale  of  Food  and  Drugs  Act,  18! 
procure  samples  for  analysis  if  he  shall  have  reason  to  believe  that  the  provisions  e 
Act  are  infringed  on  this  behalf,  to  examine  and  take  samples  from  any  package 
ascertain,  if  necessary,  by  submitting  the  same  to  be  analysed,  whether  an  offence  a 
this  Act  has  been  committed. 

9.  Even'  manufactory  of  margarine  within  the  United  Kingdom  of  Great  Britai: 
Ireland  shall  be  registered  by  the  owner  or  occupier  thereof  with  the  local  authority 
time  to  time  in  such  manner  as  the  Local  Government  Boards  of  England  and  h 
and  the  Secretary  for  Scotland  respectively  may  direct,  and  every  such  owner  or  oc 
carrying  on  such  manufacture  in  a  manufactory  not  duly  registered  shall  be  guilty 
offence  under  this  Act. 

10.  Any  officer  authorised  to  take  samples  under  the  Sale  of  Food  and  Drugs 
1875,  may,  without  going  through  the  form  of  purchase  provided  by  that  Act,  but  < 
wise  acting  in  all  respects  in  accordance  with  the  provisions  of  the  said  Act  as  to  di 
with  samples,  take  for  the  purposes  of  analysis  samples  of  any  butter,  or  subst 
purporting  to  be  butter,  which  are  exposed  for  sale,  and  are  not  marked  Margarii 
provided  by  this  Act ;  and  any  such  substance  not  being  so  marked  shall  be  presum 
be  exi»osed  for  sale  as  butter. 

11.  Any  ]>art  of  any  penalty  recovered  under  this  Act  may,  if  the  court  shall  so  d 
be  paid  to  the  jwrsoii  who  proceeds  for  the  same,  to  reimburse  him  for  the  legal  cos 
obtaining  the  analysis,  and  any  other  reasonable  expenses  to  which  the  Court 
consider  him  entitled. 

12.  All  proceedings  under  this  Act  shall,  save  as  expressly  varied  by  this  Act,  h 
same  as  prescribed  by  sections  twelve  to  twenty-eight  inclusive  of  the  Sale  of  Food 
Drugs  Act,  1875,  and  all  officers  employed  under  that  Act  are  hereby  empowered 
required  to  carry  out  the  provisions  of  this  Act. 

13.  The  expression  "local  authority "  shall  mean  any  local  authority  authorise 
appoint  a  public  analyst  under  the  Sale  of  Food  and  Drugs  Act,  1875. 

i  The  words  in  brackets  are  repealed  by  section  G  (3)  Sale  of  Food  aud  Drugs  Act,  1809,  p.  59 


APPENDIX.  591 

SALE  OF  HORSEFLESH,  &c.  REGULATION  ACT,  1889. 

An  Act  to  regulate  the  Sale  of  Horseflesh  for  Human  Food. 
[52  k  53  Vict.,  ch.  11.] 

Whereas  it  is  desirable  to  make  regulations  with  respect  to  the  sale  of  horseflesh  for 
human  food : 

Be  it  therefore  enacted  by  the  Queen's  most  Excellent  Majesty,  by  and  with  the  advice 
and  consent  of  the  Lords  Spiritual  and  Temporal,  and  Commons,  in  this  present  Parlia- 
ment assembled,  and  by  the  authority  of  the  same,  as  follows : 

1.  No  person  shall  sell,  offer,  expose,  or  keep  for  sale  any  horseflesh  for  human  food,  Signs  on  horse 
elsewhere  than  in  a  shop,  stall,  or  place  over  or  upon  which  there  shall  be  at  all  times  fle8h  »hops. 
painted,  posted,  or  placed  in  legible  characters  of  not  less  than  four  inches  in  length,  and 

in  a  conspicuous  position,  and  so  as  to  be  visible  throughout  the  whole  time,  whether  by 
night  or  day,  during  which  such  horseflesh  is  being  offered  or  exposed  for  sale,  words 
indicating  that  horseflesh  is  sold  there. 

2.  No  person  shall  supply  horseflesh  for  human  food  to  any  purchaser  who  has  asked  Horseflesh  not 
to  be  supplied  with  some  meat  other  than  horseflesh,  or  with  some  compound  article  of  to  be  sold  as 
food  which  is  not  ordinarily  made  of  horseflesh.  meat. 

3.  Any  medical  officer  of  health  or  inspector  of  nuisances  or  other  officer  of  a  local  Power  of 
authority  acting  on  the  instructions  of  such  authority  or  appointed  by  such  authority  for  medicaloffloei 
the  purposes  of  this  Act  may  at  all  reasonable  times  inspect  and  examine  any  meat  which  JijijJtmeat 
he  has  reason  to  believe  to  be  horseflesh,  exposed  for  sale  or  deposited  for  the  purpose  of  etc.  ' 
sale,  or  of  preparation  for  sale,  and  intended  for  human  food,  in  any  place  other  than 

such  shop,  stall,  or  place  as  aforesaid,  and  if  such  meat  appears  to  him  to  be  horseflesh 
he  may  seize  and  carry  away  or  cause  to  be  seized  and  carried  away  the  same,  in  order  to 
have  the  same  dealt  with  by  a  justice  as  hereinafter  provided. 

4.  On  complaint  made  on  oath  by  a  medical  officer  of  health  or  insj>ector  of  nuisances,  Power  of 
or  other  officer  of  a  local  authority,  any  justice  may  grant  a  warrant  to  any  such  officer  Justice  to 

to  enter  any  building,  or  part  of  a  building  other  than  such  shop,  stall  or  place  as  afore-  f0rJ',^a^hran1 
said,  in  which  such  officer  has  reason  for  believing  that  there  is  kept  or  concealed  any 
horseflesh  which  is  intended  for  sale,  or  for  preparation  for  sale  for  human  food,  contrary 
to  the  provisions  of  this  Act ;  and  to  search  for,  seize,  and  carry  away  or  cause  to  be 
seized  and  carried  away  any  meat  that  appears  to  such  officer  to  be  such  horseflesh,  in 
order  to  have  the  same  dealt  with  by  a  justice  as  hereinafter  provided. 

Any  person  who  shall  obstruct  any  such  officer  in  the  performance  of  his  duty  under 
this  Act  shall  be  deemed  to  have  committed  an  offence  under  this  Act 

5.  If  it  ap]>ears  to  any  justice  that  any  meat  seized  under  the  foregoing  provisions  of  Power  of 
this  Act  is  such  horseflesh  as  aforesaid,  he  may  make  such  order  with  regard  to  the  JjJJJj^jftJj 
disposal  thereof  as  he  may  think  desirable  ;  and  the  person  in  whose  possession  or  on  disposal  of 
whose  premises  the  meat  was  found  shall  be  deemed  to  have  committed  an  offence  under  horseflesh, 
this  Act,  unless  he  proves  that  such  meat  was  not  intended  for  human  food  contrary  to 

the  provisions  of  this  Act. 

6.  Any  person  offending  against  any  of  the  provisions  of  this  Act,  for  every  such  Penalty, 
offence  shall  be  liable  to  a  penalty  not  exceeding  twenty  pounds,  to  be  recovered  in  a 
summary  manner  ;  and  if  any  horseflesh  is  proved  to  have  been  exix>sed  for  sale  to  the 
public  in  any  shop,  stall,  or  eating-house  other  than  such  shop,  stall,  or  place  as  in  the 

hrst  section  mentioned,  without  anything  to  show  that  it  was  not  intended  for  sale  for 
human  food,  the  onus  of  proving  that  it  was  not  so  intended  shall  rest  upon  the  person 
exposing  it  for  sale. 

7.  For  the  purposes  of  this  Act  "horseflesh"  shall  include  the  flesh  of  asses  and  Definition  of  ^ 
mules,  and  shall  mean  horseflesh,  cooked  or  uncooked,  alone  or  accompanied  by  or  mixed  "horseflesh." 
with  any  other  substance. 

8.  For  the  purposes  of  this  Act  the  local  authorities  shall  be,  in  the  City  of  London  JjOj*1 
and  the  liberties  thereof,  the  Commissioners  of  Sewers,  and  in  the  other  parts  of  the  pur^es  of 
county  of  London  the  vestries  and  district  boards  acting  in  the  execution  of  the  Metropolis  Act. 
Local  Management  Acts,  and  in  other  parts  of  England  the  urban  and  rural  sanitary 
authorities,  and  in  Ireland  the  urban  and  rural  sanitary  authorities  under  the  Public  41  A  42  Viot 
Health  (Ireland)  Act,  1878.  c.b2 

9.  In  the  application  of  this  Act  to  Scotland  the  expression  "justice"  shall  include  Application tc 
sheriff  and  sheriff-substitute,  and  the  expressions  "  local  authority   shall  mean  any  local  Scotland, 
authority  authorised  to  appoint  a  public  analyst  under  the  Sale  of  Food  and  Drugs  Act,  38  &  89  Vict. 
1879,  and  the  procedure  for  the  enforcement  of  this  Act  shall  be  in  the  manner  provided  c- 6S- 

in  the  thirty-third  section  of  the  said  Sale  of  Food  and  Drugs  Act,  1875. 

10.  This  Act  may  be  cited  as  the  Sale  of  Horseflesh,  Ac.  Regulation  Act,  1889.  Short  title. 

11.  This  Act  shall  come  into  operation  on  the  twenty-ninth  day  of  September  one  Commence- 
thousand  eight  hundred  and  eighty-nine.  meDt  ot  Act* 
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(b)  the  fee  for  analysis  shall  be  |>ayable  to  the  analyst  by  the  local  authority  of  the 
place  where  the  sample  is  procured. 

(2.)  The  Board  shall  communicate  the  result  of  the  analysis  of  any  such  sample  to 
the  local  authority,  and  thereupon  there  shall  be  the  like  duty  and  power  on  the  part  of 
the  local  authority  to  cause  proceedings  to  be  taken  as  if  the  local  authority  had  caused 
the  analysis  to  be  made. 

3.  — (1.)  It  shall  be  the  duty  of  every  local  authority  entrusted  with  the  execution  of  Power  for 
the  laws  relating  to  the  sale  of  food  and  drugs  to  appoint  a  public  analyst,  and  put  in  Local  Goven 
force  from  time  to  time,  as  occasion  may  arise,  the  powers  with  which  they  are  invested,  J^BomJ^d? 
so  as  to  provide  proper  securities  for  the  sale  of  food  and  drugs  in  a  pure  and  genuine  Agriculture  t 
condition,  and  in  particular  to  direct  their  officers  to  take  samples  for  analysis.  act  in  defaul 

(2.)  If  the  Local  Government  Board  or  Board  of  Agriculture,  after  communication  ^JvJJjL 
with  a  local  authority,  are  of  opinion  that  the  local  authority  have  failed  to  execute  or  *uUlorl  y* 
enforce  any  of  the  provisions  of  the  Sale  of  Food  and  Drugs  Acts  in  relation  to  any  article 
of  food,  and  that  their  failure  affects  the  general  interest  of  the  consumer  or  the  general 
interests  of  agriculture  in  the  United  Kingdom,  as  the  case  may  be,  the  Board  concerned, 
may,  by  order,  empower  an  officer  of  the  Board  to  execute  and  enforce  those  provisions  or 
to  procure  the  execution  and  enforcement  thereof  in  relation  to  any  article  of  food 
mentioned  in  the  order. 

(3. )  The  expenses  incurred  by  the  Board  or  their  officer  under  any  such  order  shall  be 
treated  as  expenses  incurred  by  the  local  authority  in  the  execution  of  the  said  Acts,  and 
shall  be  paid  by  the  local  authority  to  the  Board  on  demand,  and  in  default  the  Board 
may  recover  the  amount  of  the  expenses  with  costs  from  the  local  authority. 

(4.)  For  the  purposes  of  this  section  an  order  of  the  Board  shall  be  conclusive  in  re- 
spect of  any  default,  amount  of  excuses,  or  other  matter  therein  stated  or  appearing. 

(5.)  Any  public  analyst  appointed  under  the  Sale  of  Food  and  Drugs  Acts  shall 
furnish  such  proof  of  competency  as  may  from  time  to  time  be  required  by  regulation 
framed  by  the  Local  Government  Board. 

4.  — (1.)  The  Board  of  Agriculture  may,  after  such  inquiry  as  they  deem  necessary,  Power  for 
make  regulations 1  for  determining  what  deficiency  in  any  of  the  normal  constituents  of  JfjJ^JlL-,  t 
genuine  milk,  cream,  butter,  or  cheese,  or  what  addition  of  extraneous  matter  or  pro-  £Ke *reguSa- 
portion  of  water,  in  any  sample  of  milk  (including  condensed  milk),  cream,  butter,  or  tions  at  to 
cheese,  shall  for  the  pur(>oses  of  the  Sale  of  Food  and  Drugs  Acts  raise  a  presumption,  analysis  of 
until  the  contrary  is  proved,  that  the  milk,  cream,  butter,  or  cheese  is  not  genuine  or  is  {Ju^r0^?111' 
injurious  to  health,  and  an  analyst  shall  have  regard  to  such  regulations  in  certifying  the  cheese*, 
result  of  an  analysis  under  those  Acts. 

(2.)  Any  regulations  made  under  this  section  shall  be  notified  in  the  London  and 
Edinburgh  Gazettes,  and  shall  also  be  made  known  in  such  other  manner  as  the  Board  of 
Agriculture  may  direct. 

5.  The  provisions  of  the  Margarine  Act,  1887,  as  amended  by  this  Act,  shall  extend  Extension  of 
to  margarine-cheese,  and  shall  apply  accordingly,  with  the  substitution  of  "niargariue-  ^S^KS-V, 
cheese"  and  "cheese"  for  "margarine"  and  "butter,"  and  provided  that  all  margarine-  maS-garine-0 
cheese  sold  or  dealt  in  otherwise  than  by  retail  shall  either  be  inclosed  in  (Hickages  marked  cheese. 

in  accordance  with  the  Margarine  Act,  1887,  as  amended  by  this  Act,  or  be  itself  con-  M  A  51  Vict 
spicuously  branded  with  the  words  "  margarine-cheese."  c-  2d- 

6.  — (1.)  Where  under  this  Act  or  the  Margarine  Act,  1887.  it  is  required  that  any  Marking  of 
]>ackage  containing  margarine  or  margarine-cheese  shall  be  branded  or  marked,  the  brand  mir8>™«M^ 
or  mark  shall  be  on  the  package  itself  and  not  solely  on  a  label,  ticket,  or  other  thing  JJheZle'  *" 
attached  thereto. 

(2. )  The  letters  required  to  be  printed  on  the  }>aper  wrapper  in  which  margarine  or 
margarine-cheese  is  sold  shall  be  capital  block  letters  not  less  than  half  an  inch  long  and 
distinctly  legible,  and  no  other  printed  matter  shall  appear  on  the  wrapper. 

(3.)  The  words  "or  with "  in  section  six  of  the  Margarine  Act,  1887,  shall  l>e  repealed. 

7.  — (1.)  Every  occupier  of  a  manufactory  of  margarine  or  margarine -cheese,  ana  every  Provisions  as 
wholesale  dealer  in  such  substances,  shall  keep  a  register  showing  the  quantity  and  destina-  to  muni- 
tion of  each  consignment  of  such  substances  sent  out  from  his  manufactory  or  place  of  '*^f^M?  °' 
business,  and  this  register  shall  be  open  to  the  inspection  of  any  officer  of  the  Board  of  mjJgjSSnJanS 
Agriculture.  margarine- 

(2.)  Any  officer  of  the  Board  of  Agriculture  shall  have  power  to  enter  at  all  reasonable  cheese, 
times  any  manufactory  of  margarine  or  margarine-cheese,  and  to  inspect  any  process  of 
manufacture  therein,  and  to  take  samples  for  analysis. 

(3. )  If  any  such  occupier  or  dealer — 

(a)  fails  to  keep  such  a  register,  or 

(b)  refuses  to  produce  the  register  when  required  to  do  so  by  an  officer  of  the  Board 
of  Agriculture,  or 

i  The  regulations  made  under  this  section  will  be  found  at  pp.  45, 46. 

3» 
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an  offence  is  liable  to  a  fine  exceeding  fifty  pounds,  and  the  offence,  in  the  opinion  of  the 
court,  was  committed  by  the  personal  act,  default,  or  culpable  negligence  of  the  person 
accused,  that  person  shall  be  liable  (if  the  court  is  of  opinion  that  a  fine  will  not  meet 
the  circumstances  of  the  case)  to  imprisonment,  with  or  without  hard  labour,  for  a  period 
not  exceeding  three  months. 

18.  Notwithstanding  anything  in  section  seventeen  of  the  Sale  of  Food  and  Drugs  Articles  told 
Act,  1875,  where  any  article  of  food  or  drug  is  exposed  for  sale  in  an  unopened  tin  or  '"Sjji* 
packet  duly  labelled,  no  person  shall  be  required  to  sell  it  except  in  the  unopened  tin  or  ssAttVlot. 
packet  in  which  it  is  contained.  o.  68. 

19.  — (1.)  When  any  article  of  food  or  drug  has  been  purchased  from  any  person  for  Time  for  pro 
test  purposes,  any  prosecution  under  the  Sale  of  Food  ana  Drugs  Acts  in  respect  of  the  ceeding  and 
sale  thereof,  notwithstanding  anything  contained  in  section  twenty  of  the  Sale  of  Food  jegolatton  as 
and  Drugs  Act,  1875,  shall  not  be  instituted  after  the  expiration  of  twenty-eight  days  10  ■ummoni- 
from  the  time  of  the  purchase. 

(2.)  In  any  prosecution  under  the  Sale  of  Food  and  Drugs  Acts  the  summons  shall 
state  particulars  of  the  offence  or  offences  alleged,  and  also  the  name  of  the  prosecutor, 
and  shall  not  be  made  returnable  in  less  time  than  fourteen  days  from  the  day  on  which 
it  is  served,  and  there  must  be  served  therewith  a  copy  of  any  analyst  8  certificate 
obtained  on  behalf  of  the  prosecutor. 

20.  — (1.)  A  warranty  or  invoice  shall  not  be  available  as  a  defence  to  any  proceeding  Provisions  m 
under  the  Sale  of  Food  and  Drugs  Acts  unless  the  defendant  has,  within  seven  days  after  ^JJJiJJL  or 
service  of  the  summons,  sent  to  the  purchaser  a  copy  of  such  warranty  or  invoice  with  a  invoice  as 
written  notice  stating  that  he  intends  to  rely  on  the  warranty  or  invoice,  and  specifying  defence,  and 
the  name  and  address  of  the  person  from  whom  he  received  it,  and  has  also  sent  a  like  prof*J?|j!P 
notice  of  his  intention  to  such  person.  warrMtor? 

(2. )  The  person  by  whom  such  warranty  or  invoice  is  alleged  to  have  been  given  shall 
be  entitled  to  appear  at  the  hearing  and  to  give  evidence,  and  the  court  may,  if  it 
thinks  fit,  adjourn  the  hearing  to  enable  him  to  do  so. 

(8. )  A  warranty  or  invoice  given  by  a  person  resident  outside  the  United  Kingdom 
shall  not  be  available  as  a  defence  to  any  proceeding  under  the  Sale  of  Food  and  Drugs 
Acts,  unless  the  defendant  proves  that  he  nad  taken  reasonable  steps  to  ascertain  and  did 
in  fact  believe  in  the  accuracy  of  the  statement  contained  in  the  warranty  or  invoice. 

(4. )  Where  the  defendant  is  a  servant  of  the  person  who  purchased  the  article  under  a 
warranty  or  invoice  he  shall,  subject  to  the  provisions  of  this  section,  be  entitled  to  rely 
on  section  twenty-five  of  the  Sale  of  Food  and  Drugs  Act,  1875,  and  section  seven  of  the  88  A  80  Viet. 
Margarine  Act,  1887,  in  the  same  way  as  his  employer  or  master  would  have  been  entitled  c.  67. 
to  do  if  he  had  been  the  defendant,  provided  that  the  servant  further  proves  that  he  had  J0^  61 
no  reason  to  believe  that  the  article  was  otherwise  than  that  demanded  by  the  prosecutor. 

(5.)  Where  the  defendant  in  a  prosecution  under  the  Sale  of  Food  and  Drugs  Acts  has 
been  discharged  under  the  provisions  of  section  twenty-five  of  the  Sale  of  Food  and  Drugs 
Act,  1875,  as  amended  by  this  Act,  any  proceedings  under  the  Sale  of  Food  and  Drugs 
Acts  for  giving  the  warranty  relied  on  Dy  the  defendant  in  such  prosecution,  may  be 
taken  as  well  before  a  court  having  jurisdiction  in  the  place  where  the  article  of  food  or 
drug  to  which  the  warranty  relates  was  purchased  for  analysis,  as  before  a  court  having 
jurisdiction  in  the  place  where  the  warranty  was  given. 

(6. )  Every  person  who,  in  respect  of  an  article  of  food  or  drug  sold  by  him  as  principal 
or  agent,  gives  to  the  purchaser  a  false  warranty  in  writing,  shall  be  liable  on  summary 
conviction,  for  the  first  offence,  to  a  fine  not  exceeding  twenty  pounds,  for  the  second 
offence  to  a  fine  not  exceeding  fifty  pounds,  and  for  any  subsequent  offence  to  a  fine  not 
exceeding  one  hundred  pounds,  unless  he  proves  to  the  satisfaction  of  the  court  that  when 
he  gave  the  warranty  he  had  reason  to  believe  that  the  statements  or  descriptions 
contained  therein  were  true. 

21.  The  justices  or  court  referred  to  in  section  twenty -two  of  the  Sale  of  Food  and  Duty  of  court 
Drugs  Act,  1875,  shall  on  the  request  of  either  party  under  that  section  cause  an  article  fjr*jjjlj£cl< 
of  food  or  drug  to  be  sent  to  the  Commissioners  of  Inland  Revenue  for  analysis,  and  may,  38  A  88  vict. 
if  they  think  nt,  do  so  without  any  such  request.  o.  63. 

22.  — (1.)  At  the  hearing  of  the  information  in  any  proceeding  under  the  Sale  of  Food  Provisions  as 
and  Drugs  Acts,  the  production  by  the  defendant  of  a  certificate  of  analysis  by  a  public  to  certificates 
analyst  in  the  form  prescribed  in  section  eighteen  of  the  Sale  of  Food  and  Drugs  Act,  ot  *^7^- 
1875,  shall  be  sufficient  evidence  of  the  facts  therein  stated,  unless  the  prosecutor  requires 

that  the  analyst  be  called  as  a  witness. 

(2. )  A  copy  of  every  such  certificate  shall  be  sent  to  the  prosecutor  at  least  three  clear 
days  before  tne  return  day,  and  if  it  be  not  so  sent  the  court  may,  if  it  thinks  fit,  adjourn 
the  hearing  on  such  terms  as  may  seem  proper. 

28.  This  Act  shall  apply  to  Scotland  with  the  substitution  for  "the  Local  Govern-  Transfer  of 
mont  Board  "  of  "the  Local  Government  Board  for  Scotland,"  and  all  powers  and  duties  powers  from 
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vested  in  or  imposed  on  the  Secretary  for  Scotland  in  relation  to  the  Sale  of  Food 
DrugB  Acts  shall  be  transferred  to,  vested  in,  or  imposed  on  the  Local  Govern 
Board  for  Scotland. 

24.  This  Act  shall  apply  to  Ireland  with  the  substitution  for  "the  Board  of 
culture"  of 14  the  Department  of  Agriculture  and  Technical  Instruction  for  Ireland, 
for  "  the  Local  Government  Board  *  of  "the  Local  Government  Board  for  Ireland, 
for  1  *  the  London  and  Edinburgh  Gazettes  "of 11  the  Dublin  Gazette.*9 

25.  In  this  Act,  unless  the  context  otherwise  requires — 

The  expression  "margarine-cheese"  means  any  substance,  whether  compou 
otherwise,  which  is  prepared  in  imitation  of  cheese,  and  which  contains  fa 
derived  from  milk : 

The  expression  "cheese  "  means  the  substance  usually  known  as  cheese,  conta 

no  fat  derived  otherwise  than  from  milk  : 
The  expression  "local  authority'*  means  any  local  authority  authorised  to  ai 

an  analyst  for  the  purposes  of  the  Sale  of  Food  and  Drugs  Acts,  and  tJ 

pressiou  "public  analyst"  means  an  analyst  so  appointed  : 
Other  expressions  have  the  same  meaning  as  m  the  Sale  of  Food  and  Drugs 

and  an  offence  under  this  Act  shall  be  treated  as  an  offence  under  those  Acta 

26.  For  the  purposes  of  the  Sale  of  Food  and  Drugs  Acts,  the  expression  "  food 1 
include  every  article  used  for  food  or  drink  by  man,  other  than  drugs  or  water,  am 
article  which  ordinarily  enters  into  or  is  used  in  the  composition  or  preparation  of  1 
food  ;  and  shall  also  include  flavouring  matters  and  condiments. 

27.  The  enactments  in  the  schedule  to  this  Act  are  hereby  repealed  to  the  < 
mentioned  in  the  third  column  of  that  schedule. 

28.  — (1.)  This  Act  may  be  cited  as  the  Sale  of  Food  and  Drugs  Act,  1899,  ai 
Sale  of  Food  and  Drugs  Act,  1875,  and  the  Sale  of  Food  and  Drugs  Act  Amendmen 
1879,  and  the  Margarine  Act,  1887,  and  this  Act  may  be  cited  collectively  as  the  S 
Food  and  Drugs  Acts,  1875  to  1899,  and  are  in  this  Act  referred  to  as  the  Sale  ol 
and  Drugs  Acts. 

(2.)  Tins  Act  shall  come  into  operation  on  the  first  day  of  January  one  thousan< 
hundred. 

SCHEDULE. 


Enactments  Repealed. 


Session  and  Chapter. 


38  A  39  Vict.  c.  03 


42  &  43  Vict.  c.  30 


60  &  51  Vict.  c.  29 


64  &  56  Vict.  c.  46 


Short  title. 


The  Sale  uf  Food  and 
Drugs  Act,  1876. 


The  Sale  of  Food  and 
Drugs  Act  Amend- 
ment Act,  1879. 

The  Margarine  Act, 
1887. 


The  Post  Office  Act, 
1891. 


Extent  of  Repeal. 


In  section  two,  the  definition  of  the  term ' 
In  section  fourteen,  the  words  "  offer  tc 
the  words  "  proceed  accordingly  and  ah 
Section  fifteen. 

In  section  twenty-seven,  the  words  from  • 
person  who  shall  give  a  false  warn 
writing  "  to  "  a  penalty  not  exceeding  i 
pounds. M 

Section  ten. 


In  section  six,  the  words  "or  with,"  ax 
words  "  not  less  than  a  quarter  of  ai 
square." 


Section  eleven. 


I 
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Abba's  refractometer,  284-236. 
Abnormal  butters,  304. 

„      milks,  211,  231. 
Abrastol  or  asaprol,  240. 
Absinthe,  403,  404. 

„       Adulterations  of,  404. 

,,       Analysis  of,  404. 

„       Effects  of,  401. 
Absinthin,  414,  428. 
Absorption  spectra,  70. 
Abstraction  of  the  constituents  of  a  food, 

35,  583. 
Accum,  F.,  29. 

Acetic  acid,  Distillation  of,  449. 
„       ,,    in  vinegar,  475. 
,,       ,,    Loss  of  gravity  by,  425. 
,,       ,,    Oxidation  of  alcohol  into,  383, 
389. 

,,  Value  of,  in  beer,  424. 

„  ether,  Production  of,  382. 
Acetone,  Determination  of,  392. 
Acid  brown,  80. 

„  Butyric,  197. 

,,  Caproic,  197. 

„  Caprylic,  197. 

,,  colours,  83. 

„  Equinic,  208. 
green,  84. 

,,  Lactic,  disco  very  by  Scheele,  193. 

,,      ,,     estimation  of,  230. 

„  Oleic,  197,  298. 

,,       ,,   refraction  of,  284. 
Palmitic,  196. 

„  Rutic,  197. 

,,  Stearic,  196. 

,,   value  of  butter,  290. 
Acidity  of  milk,  230. 
Acids  in  beer,  419. 

,,    in  butter,  Distillation  of,  294. 

„    fatty,  Determination  of,  292. 

,,    in  vinegar,  476. 

„    Volatile,  in  milk,  229. 

,,    in  wine,  445-450,  454-456. 
Acorn  starch,  143. 
Acridine  colours,  82,  83. 
Acrinyl  sulphocyanide,  488. 
Act,  Adulteration,  1860,  14. 

„  1860  and  1872,  20. 

1872,  21. 
1879,  22. 


Adams'  method  of  detecting  bitten  in 
beer,  429. 
,,         ,,       of  milk  analysis,  218. 
Adulteration  by  the  Greeks  and  Romans,  3. 
,,        Definition  of,  32. 
,,        in  Germany,  13. 
Agrostemma  as  an  adulterant  of  flour,  153. 
Air,  Examples  of  analysis  of,  545. 
Albumen,  Estimation  of,  98. 

,,  in  milk,  227, 228. 

„      of  milk,  199. 
„      of  peas,  180. 
Albuminoid  ammonia,  538. 
Albuminoids  of  flour,  Estimation  of,  161. 
,,        of  milk,  Determination  of, 

226-228. 
„        of  wine,  456. 
Alcohol,  379-397. 

,,      Action  of,  on  benzoyl  chloride, 

383,  384. 
,,      boiling-points,  385. 
,,      Davy's  test  for,  383. 

Distillation  of,  387 
,,      Estimation  of,  384-390. 
.,  ,,       ,,  in  beer,  418. 

,,       „  in  bread,  163. 
,,  ,,       i ,  in  milk,  243. 

,,  ,,       ,,  in  spirits,  384-390. 

,,  ,,       ,,  in  wine,  444. 

Ethylic,  379. 
,,      Grbuing's  method  of  estimating, 
by  the  boiling-point,  385. 
Hardy's  test  for,  384. 
„      Methylic,  390. 
, ,      Oxidation  of,  into  acetic  acid,  389. 
,,      Separation    of,    from  organic 

matters,  384. 
„      Specific  gravity  table  of,  380, 381. 
„      Tests  for,  382-384. 
Alcoholic  fermentation  of  milk,  260. 
Alcohols,  Acidity  of,  392. 

Higher,  393-397. 
Aldehyde,  392,  395. 
„      green,  79. 
,,      sulphite,  450. 
Ale,  408. 
Ale-tasters,  7. 
Alizarin,  72,  84. 

,,      colours,  84. 
Alkali  blue,  80,  84. 
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Blood  in  milk,  214. 
Blue,  Alkali,  84. 

,,    Alpine,  84. 

„    colours,  83,  84. 

„    milk,  260. 
Boerhaave's  views  on  milk,  190. 
Boheic  acid,  825. 
Bohemian  tea,  343. 
Boiled  milk,  Test  for,  233. 
Boisboudran's  method  of  obtaining  spark 

spectra,  59. 
Bolas  on  alcohol  in  bread,  163. 
Bollinger's  experiments  on  tubercle,  255. 
Boracic  acid,  Detection  of,  234. 

„  in  wine,  442. 

,,  Estimation  of,  235. 

,,        ,,  in  butter,  278. 

Bordeaux  verdissant,  457. 
Bottger,  B. ,  Estimation  of  glucose  in  the 

presence  of  cane  sugar  by,  106. 
Boussingault's  analysis  of  the  secretion  of 
the  milk  tree,  211. 
, ,  analysis  of  wine  ash,  468. 

Boutron-Charlard,  31. 
Boyle,  Hon.  Robert,  25. 
Bran,  147,  150. 
Brandy,  386,  397,  398. 
Brasilein,  73. 
Brasiline,  73. 
Brazil  nut  shells,  503. 

„    wood,  85,  86. 

„       „     in  wine,  462,  463,  466. 
Bread,  162-169. 
Acts,  15. 

,,     Adulteration  of,  165. 

,,  ,,        with  iron,  7. 

Alteration  of,  by  moulds,  165. 

,,     black,  Digestibility  of,  164. 
Mean  composition  of,  164. 

. ,     Old  ( iennan  regulations  relative  to, 
13. 

Breed,  Relation  of,  to  quality  of  milk,  245- 
246. 

Brewing,  Water  used  in,  410. 

frauds,  29. 
Brilliant  green,  83. 

,,      yellow,  84. 
Bromine  in  water,  521. 
Brown,  C.  A.,  on  rancid  butter,  305. 
, ,     and  Bell  on  milk  from  starved  cows, 
247. 

, ,     and  H  eron  on  estimation  of  maltose 

and  dextrin,  130. 
,,      Morris  and  Millar  on  reducing 
power  of  sugars,  113. 
Brown  colours,  80. 
Brown's  analysis  of  honey,  124. 
Brucine  in  beer,  429. 

,,      in  estimation  of  nitrates,  523. 
Brucke,  E.,  on  estimation  of  glucose  in 

presence  of  cane  sugar,  106. 
Brulle's  method  of  distinguishing  butter 

from  margarine,  290. 
Buckwheat,  145. 

hulls,  497. 
starch,  145. 


Buffalo  milk,  209. 

Bunge's  method  of  estimating  alkalies  is 

ash,  96. 
Bunsen's  valve,  94. 
Bussy,  A.,  31. 
Butter,  46,  271,  274-305. 
Acid  value  of,  290. 
„     Analysis  of,  274-305. 
„         „      ,,  insoluble  fatty  acids  in 
297. 
,,  rancid,  305. 
„     Ash  of,  277. 
,      ,,     average  values  for  standard  testa 
j  304. 

;      ,,     Colouring  matter  of,  278. 
„     Composition  of,  272. 
,,     Cryoacopic  analysis  of,  802. 
„     Microscopical  examination  of,  27' 
„     Milk-blended,  274,  276. 
,,     Old  French  regulations  regarding 
11. 

„     preservatives,  277. 

Process  or  renovated,  274. 
Proximate  analysis  of,  274. 
„     sale  of,  Regulations  for,  46. 
„     Salt,  276,  277. 
„     Water  in,  275. 
„     Yellow,  278. 
Butter  fat,  271,  272. 

,,     ,,  Acetic  acid  test  for,  279. 
,,     ,,  Analysis  of,  279. 

,,  Decomposition   of,   into  fatt 
acids  and  glycerin,  292. 
,,     ,,  Iodine  value  of,  300,  304. 
„     ,,  Melting-point  of,  281-284. 
,,  Patterns  of,  279. 
„  Refraction  of,  284-289. 
.,     ,,  Specific  gravity  of,  289. 
,,     „  Titration    of,     by  alcoholi 

potash,  291. 
,,     ,,  Viscometry  of,  290. 
„     „  Volatile  acids  of,  294. 
,  Buttermilk,  271. 
Butyric  acid,  197. 

,,       ,,    fermentation,  260. 
,,     ether  as  a  test  for  butter,  299. 
Butyrin,  197. 

Caffearine,  348. 

Caffeine  (see  Theine). 
\  Caffeo- tannic  acid,  348. 
|  Calcic  chloride,  Standard  solution  of,  571. 
!  Calculation  of  milk-fat,  223. 
\  Calumba  starch,  142. 

Camellia  sassanqua,  330. 
,  Camel's  milk,  209. 
.  Camembert  cheese,  306. 

Cane  sugar,  104. 
,,      „     Ash  of,  107. 

„     group,  104. 
,,       „     in  milk,  233,  264. 
j  Canna  arrow-root,  141,  144. 
•  Caproic  acid,  197. 
'  Caproin,  197. 
,  Caprylic  acid,  197. 

Caprylin,  197. 
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Capsaicin,  501. 
Capsicin,  428,  501. 
Capsicol,  501. 
Caramel,  80,  478. 

,,      in  milk,  241. 
Caramelane,  81. 
Caramelin,  81. 
Carameline,  81. 
Carbazol  test  for  nitrates,  524. 
Carbazotic  acid,  74. 
Carbo-hydrates,  Classification  of,  108. 

Estimation  of,  111-121. 
„      , ,   in  milk, 
224-226. 

Carbon,  organic,  Estimation  of,  in  water, 
542. 

Carbonic  acid  in  ash  of  food,  94. 

,,      „    in  beer,  418. 
Cardamoms,  Oil  of,  401. 
Carminaphth,  84. 
Carmine  green  86,  87. 

,,     red,  68. 
Carminic  acid,  68. 

,,        ,,    absorption  factor,  69. 
Carob-tree  fruit,  356. 
Carthamic  acid,  73. 
Carthamine,  73. 

Casamajor's  method  of  detecting  starch 
sugar  in  cane  sugar,  106. 
,,        test  for  butter,  279. 
Casein,  198. 

,,     Estimation  of,  in  milk,  227. 
Cassal's  method  of  detecting  borax,  234. 
Cassava  starch,  145. 
Cassia,  503,  504. 

,,     seed  in  coffee,  356. 
Castor  oil,  509,  513. 
Catechu,  Detection  of,  in  tea,  343. 
Cat's  milk,  209,  210. 
Cayenne  pepper,  500-502. 

,,  Adulterations  of,  502. 

Cellulose,  136. 
Centaurea  bitter,  428,  429. 
Centrifugal  machines,  218. 
Cerealin,  147. 
Certificate  of  analyst,  42. 

,,      ,,   .  ,,      received  as  evidence, 
585. 

Certificates,  Forged,  586. 

Form  of,  581,  588. 
Ceylon  oil  in  butter,  305. 
Chapman,  Analysis  of  treacle  by,  130. 
Chatin's  method  of  determining  iodine  in 

water,  522. 
Chattaway,  Pearmaiuand  Moor  on  Valenta's 

test,  279. 
,,     ,,  onestima- 
tion  of  cheese-fat,  307. 
Cheddar  cheese,  306. 
Cheese,  305-309. 

,,     Adulterations  of,  308,  309. 
,,     Analysis  of,  307,  308. 
, ,     fat,  volatile  acids,  309. 

„  Zeiss  on  the  refractometer  value 
of,  309. 
,,     Ripening  of,  307. 


Cherries,  131. 
Cherry-laurel  leaves,  506. 
Chestnut,  143,  145. 
Chevallier's  dictionary,  31. 
Chicory,  Adulterations  of,  18. 
,,      Analysis  of,  353,  359. 

Detection  of,  354. 
,,      Influence  of,  when  mixed  with 
coffee,  359. 
Sj»ecific  gravity  of  iufusions  of, 
360. 

,,      Treasury  Minute  as  to,  17. 
Chillies,  500. 
Chinese  ])eas,  164. 
Chloranthus  inconspicuus,  332. 
Chlorine  in  ash  of  food,  93-95. 
,,      in  coffee  and  chicory,  861. 
, ,      Estimation  of,  in  water,  521. 
,,      in  wine,  448. 
Chloroform  process  for  the  separation  of 

alum  from  flour,  158. 
Chlorophyll,  77. 
Chocolate,  365. 
I        ,,       Adulterations  of,  375. 
,,       French,  365. 
,,       Spanish,  365. 
Vanilla,  365. 
Cholera  and  milk  supply,  257. 

,,    red  reaction,  567. 
Cholesterin,  315. 

,,       in  beans,  185. 
,,       in  peas,  180. 
Choline,  413. 
Chrome  violet,  84. 

Chromic  acid  as  a  test  for  alcohol,  383. 

Chrysamine,  84. 

Chrysammic  acid,  88,  90,  92. 

Chrysaniline,  77. 

Chrysanine,  84. 

Chrysoidine,  76,  83,  85,  45S. 
I  Chrysoline,  83. 
I  Chrysophanic  acid,  75. 

Chrysophyll,  78. 
!  Chrysotoluidine,  458. 

Chuno,  178. 
I  Cider  vinegar,  473. 
I  Cigar  ash,  328. 

Cinnamon,  503,  504. 
j  Citric  acid  juices,  Analysis  of,  48C-182. 
1     „     „    in  milk,  203,  228. 
I  Cladothrix,  557. 
1  Claret,  Fictitious,  456. 

Clarke's  modification  of  Reinsch's  test, 
I  436. 

, ,       soap  test,  542. 

Clausnizer  and  Meyer's  formula  for  cal- 
j     dilating  milk-fat,  223. 

Clausnizer'8  method  of  estimating  glycerin, 
I  426. 

„       ether- extracting  apparatus,  49. 
■  Clayton  cloth  red,  84. 
I       ,,     yellow,  84. 
I  Climate  and  milk,  247. 
!  Cloves,  503,  505 
I  Cnicin,  415,  428. 
1  Coal-tar  dyes  in  milk,  241. 
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Cochineal.  68,  86,  462,  463,  466.  I 
Coco*,  Adulterations  of,  374. 

„    and  chocolate,  363-375. 
Ash  of,  365,  370. 

„    butter,  365,  366. 

„    Composition  of,  365. 

„    Epps  s,  365. 
essence,  365. 

,,    fibre,  370. 

„    Granulated,  365. 

,,    Homoeopathic,  365. 

,,    Mara  villa,  365. 

,,    Microscopical  characters  of,  364. 

„    Nitrogenous  constituents  of,  374. 
nut  oil,  289,  305,  509. 

,,      ,,  shells,  503. 

„    red,  368-370. 

,,    shells,  503. 
Cod-liver  oil,  Refraction  of,  284. 
Cceruline  S,  84. 
Coffee,  346-363. 

,,    Acts  relative  to,  17. 

„     Adulterations  of,  18,  353-  363. 

,,     Analysis  of,  350-352. 

,,    Carbo-hydrates  in,  350. 

Chemical  changes  of,  during  roast- 
ing, 347,  348. 

„    Constituents  of,  348-350. 

,,    fat,  348. 

„    imitation  berries,  Composition  of, 
854. 

,,    infusion,  Specific  gravity  of,  360. 

,,     Microscopical   structure   of,  346, 
847,  854. 

„     Oil  of,  350. 

„     Soluble  ash  of,  359,  360. 

,,     Specific  gravity  of,  851. 

,,        ,,     of  infusion  of  adul- 
terated, 360. 

,,  ,,  ,,  of  infusion  of  mixed 
chicory  and,  361, 
362. 

,,    Treasury  Minute  as  to,  17. 
Coffin's  food  for  infants,  169. 
Cognac  (see  Brandy). 

Connheira's  experiments  on  tuberculosis, 
255. 

Colchicine  in  beer,  412,  429. 

,,      in  milk,  248. 
Cold,  Action  of,  on  milk,  261. 
College  of  Physicians  in  the  fifteenth 

century,  Inspection  of  foods  by,  9. 
Colocynth  bitter,  429. 
Cologne,  Adulteration  of  wine  in  1451  at, 

13. 

Colorimeters,  60. 

Colour  and  colouring  matters,  69-92. 

, ,      , ,        , ,      of  sweetmeats,  122. 
Colouring  of  food  and  drugs,  582. 

„      of  milk,  241-242. 

, ,      matter,  Estimation  of,  60. 

,,         ,,      in  vinegar,  478. 

„         ,,      in  wine,  457-467. 
Colza  oil,  Constants  of,  289,  510. 
Commaille's  method  of  determining  theine, 
334. 
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Committee  on  Food  Preservatives,  etc, 
237,  241,  269,  277. 
on  Milk  and  Cream  Regula- 
tions, 231,  247,  269. 
Select,  1874,  21. 

on    Adulteration  of 
Food,  1855,  19. 
Concrete  sugar,  Analysis  of,  109. 
Condensed  milk,  262-267. 

,,  Adulteration  of,  266. 

. ,     Analysis  of,  263-265. 
,,         ,,    as  an  adulterant  of  coVs 
milk,  233. 
Calculation    of  original 
composition  of,  265. 
,,         ,,    Degree  of  concentration 
of,  266. 

Cones,  166. 

Confectionery,  sweetmeats,  121-123. 
Confervae  in  water,  556. 
Congo  red,  72,  84,  85. 

,,    yellow,  84. 
Copper,  20. 

,,     in  milk,  202. 

„     in  peas,  181-183. 

„     in  vegetables,  20,  181. 

„     in  water,  Test  for,  520. 

,,     Quantity  of,  permitted  in  France 

and  Italy,  182. 
„     Recommendation  of  Departmental 
Committee  as  to  use  of,  for  col- 
ouring food,  183. 
toxicological  action  of  salts  of, 
in  food,  182. 
,,     Tunnicliffe's  experiments  on  effects 
of  salts  of,  in  food,  182. 
zinc  couple,  525. 
Copper  sulphate  in  bread,  165. 

,,         ,,     standard  solution  of,  571. 
Coralline,  71,  83,  85,  86,  88,  90,  92. 
Corn,  Adulteration  of,  5. 

,,    cockle  in  wheat,  154. 
Cotton  scarlet,  84. 
i      „    seed  oil,  284,  289,  509,  511,  512. 
i  Cotton's  method  of  detecting  cane  sugar 
,     in  milk,  233. 

Cows,  Food  of,  249. 
!  Crab  vinegar,  474. 
Cream,  267-270. 

,,    cheese,  306. 
Creighton,  Dr.  C,  on  tuberculosis,  256. 
Crenothrix,  557. 

Crime  in  eleventh  and  twelfth  centuries,  4. 
Crismer's  test  for  butter,  280. 
Croceine,  85. 

„      orange,  76. 

,,      scarlet,  72. 
Crook,  W.  6. ,  his  method  of  testing  butter, 
279. 

Crookes,  Odling  and  Tidy's  colour  meter, 
518. 

Crum  process  for  estimation  of  nitrates, 
527. 

Cryoscopic  method  of  examining  butter, 
302. 

Crystal  violet,  83. 
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Cupric  reducing  power  of  dextrose,  leva- 
lose,  and  invert 
sugar,  113. 
„         ,,         „      of  sugars,  111. 
Curacoa,  403. 
Curcas  oil,  509,  513. 
Curcuma  arrow-root,  141,  144. 
Curcumin,  74. 
Curds,  Analysis  of,  305. 
Currant,  131,  184. 
Cyanine,  84. 
Cyclamine,  83. 

Damsons,  132. 
Daphne  bitter,  428. 
Daphnin,  416. 
Dari  starch,  142. 
Darnel,  155. 
Date  coffee,  355. 

,,  vinegar,  582. 
Date-stones,  503. 

„      ,,     as  a  coffee  adulterant,  355, 
357. 

Davy's  test  for  alcohol,  383. 
Death  in  the  Pot,  29,  30. 
Demerara  cane  sugar,  108. 
Denizes  reagent,  229. 

Depaire's  process  for  detecting  picrotozin, 
430. 

Deputy,  Appointment  of,  by  inspector,  41. 
Desmids  in  water,  557. 
Devon  cream,  268. 

Dextrin,  Detection  of,  in  cane  sugar,  106. 

„  ,,       „   in  milk,  233. 

„       Estimation  of,  129. 
Dextrose,  110. 

Diarrhoea  caused  by  milk,  258. 

Diastase,  Preparation  of,  136. 

Dibdin's  method  of  investigating  water, 

554. 
Dioscorides,  4. 
Dioxine,  84. 

Diphenylamine  as  a  test  for  nitrates,  524. 
,,  blue,  84. 

,,  orange,  76. 

Diphenylmethane  colours,  82.  . 
Diphtheria  and  milk,  257. 
Dirck's  method  of  estimating  volatile  oil 

of  mustard,  489. 
Disc  method  of  taking  melting-points,  281. 
Divisors  for  sugar  solutions,  114,  117. 
Donnl,  28. 

,,     Cours  microscopiquc,  190. 
,,     method  of  detecting  potato  starch, 
156. 

Doorschodt,  Analysis  of  milk  by,  191. 
Douzard's  method  of  estimating  starch, 
139. 

DragendorfTs  analysis  of  tea,  326,  334. 

,,         method  of  detecting  picro- 

toxin,  431. 
,,  ,,       for  estimation  of 

starch,  136. 
„         process  applied  to  beer,  427- 
429. 

Dripping,  melting-point  of,  283. 


Druggists,  Old  positio    and  regulations 

of,  9,  11. 
Drugs,  Adulteration  of,  34. 
„     Colouring  of,  582. 
,,    Compounded,  34. 
,,     Old  German  regulations  as  to,  14. 
Drying  oils,  Tests  for,  505. 
Duclaux's  analyses  of  butter-fat,  272. 

,,      method   of  distilling  volatile 

acids,  449. 
,,      observations  on  heated  milk, 
261. 
Dulcine,  135. 

Dumonchaux  on  milk,  191. 
Dunlop  cheese,  306. 

Duprl  and  Hake's  method  of  estimating 
minute  quantities  of  carbon,  519. 
,,     and  Thudichum's  method  of  esti- 
mating wine  extract,  452. 
Dupre^s  analysis  of  wine,  447. 

,,     experiments  on  the  separation  of 
alum  from  flour,  159,  167,  168. 
,,     method  of  burning  water  residues, 
542. 

,,     process  for  detecting  the  colouring 
matter  of  wine,  459. 
Durham-Gruber  reaction,  567. 
Dutch  cheese,  306. 

,,     cocoas,  371. 
Dyer,  Analysis  of  chicory  by,  353. 
„        ,,      of  golden  syrup  by,  128. 
,,    Estimation  of  nitrogen  by,  97. 

Edinoton's  observations  on  scarlet  fever, 
253. 

Ehrenberg's  Infusorial  Life,  28. 
Elaidin  test,  505. 

Elderberries  as  a  colouring  of  wine,  462, 
463,  464,  465,  467. 

Elephant's  milk,  209. 

Enaer's  process  for  detecting  bitter  prin- 
ciples in  beer,  430. 

Eosine,  75,  83,  85,  458. 

Epps's  cocoa,  365. 

Equinic  acid,  208. 

Erdmaun  and  Schmoeger  on  milk-sugar, 
200. 

Ergot  in  flour,  155. 

Encolin,  429. 

Erucic  acid,  489. 

Erythrine,  83. 

Erythrophyll,  78. 

Erythrose,  104. 

Erythrosine,  72,  82,  83,  85. 

Esters,  Estimation  of,  in  wine,  450. 

Ethers,  393. 

Ethyl  orange,  85. 

purple,  83. 
Ethyleosine  in  wine,  458. 
Ethylic  alcohol,  379. 

Ewart's  description  of  a  disease  arising 

from  milk,  258. 
Excretion  of  copper,  183. 
Expenses  under  the  Sale  of  Food  and 

Drugs  Act,  586. 
Extinction  coefficient,  63. 
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Extract  of  wine,  451. 
Extraction  of  liquids,  50. 
,,       of  solids,  49. 

Facing  of  tea,  329. 
False  warranty,  44. 

Farinaceous  food  for  children,  169,  170. 
Faro  beers,  409. 
Fast  black,  83. 
„  red,  72. 

Fat,  Decomposition  of,  into  fatty  acids  and 

glycerin,  292. 
Faults  in  milk,  260. 

Faust   and   Schuuster's    infants'  food, 
169. 

Fehling'8  solution,  111. 
Fermentation,  404-408. 

„         Alcoholic,  405. 
Fermented  liquors,  408-482. 
Ferments  of  sour  beer,  408. 
Ferrous  chloride  solution,  571. 
Fibre,  Estimation  of,  498. 
Filhol  and  Joly  on  abnormal  milk,  213. 
Fischer  on  the  mineral  analysis  of  water, 

553. 
Flavaniline,  85. 
Flavin,  86. 
Flavopurpurine,  84. 

Fleischmann's  analysis  of  separated  milk, 

262. 
Flour,  146-162. 
,,    Adulterations  of,  156. 

Analysis  of,  153-162. 
,,     and  bread,  early  French  regulations 

as  to,  10. 
,,     Cold  extract  of,  160. 
„     Fat  of,  160. 
,     Legal  case  relative  to,  162. 
,,     Millon  and  Kekule's  analyses  of, 
147. 

,,     Modern  grades  of,  150. 
,,     Nitrates  in,  149. 
,,     Nitrogenous  constituents  of,  148- 
153. 

,,     Physical  characters  of,  146. 

,,     Proximate  analysis  of,  160-162. 

,,    water  in,  Estimation  of,  160. 
Fluoborates,  Detection  of,  240,  469. 
Fluorides,  Detection  of,  240. 
Fluosilicates,  Detection  of,  240,  469. 
Follicular  tonsillitis  and  milk,  257. 
Food,  Definition  of,  under  Sale  of  Food 
and  Drugs  Act,  582. 

,,     Influence  of,  on  the  milk  yielded  by 
cows,  247-249. 
Forchanmier  process  in  water  analysis,  536. 
Fore  milk,  206. 
Formal  violets,  83. 
Formaldehyde,  234,  236. 
Formalin,  234,  236. 

,,       Estimation  of,  237-239. 
Fomianek    on    separation   of  colouring 

matters,  87. 
Formic  acid,  391. 
Fortune  r.  Henison,  42. 
Fousel  oil  in  whisky,  399. 


Fousel  oil,  Detection  and  estimation 
393-397. 
„    „    Effects  of,  400. 
France,  Adulteration  in,  9. 
Frankfort-on-the-Maine,  Method  of  pun 

ins  fraudulent  vintners  at,  14. 
Frankland's  combustion  process,  543. 
„       standards  of  purity  of  wi 
569. 

French  bakers,  Frauds  of,  10. 

,,    chocolate,  365. 
French's  children's  flour,  169. 
Friedrich,  J.  B.,  Treatise  on  adulters: 

by,  31. 
Fromage  de  Brie,  306. 
Fruits,  Composition  of,  131. 

„    Microscopical  structure  of,  182-' 
Fuchsine,  69,  85. 

,,      absorption  coefficient,  69,  70, 
„      Detection  of,  in  wine,  459,  < 
462-464,  466. 
Fungi  in  bread,  165. 
Furturol,  392,  478. 
Fustet,  86. 
Fustic,  75,  86, 
Fustin,  84. 

Galactine,  202. 
Galactose,  201. 
Galangal,  142. 
Gallamine  blue,  83. 
Gallanilic  blue,  84. 

,,      indigo,  83. 

„      violet,  84. 
Galleine,  84. 
Gallisin,  131. 
Gallocyanine,  83,  84. 
Galloflavine,  84. 
Gambine  R,  84. 
Gamboge,  75. 

,,      as  an  adulterant  of  mustai 
491. 

Gamoose  milk,  209. 

Garelli  and  Carcano  on   the  molecul 
i     weight  of  butter  and  margarine,  302. 
!  Gamier  and  Harel's  treatise  on  adulter 
>     tion,  31. 

Gas  apparatus,  544. 

Gases  of  milk,  204. 

Gautier,  A.,  method  of  detecting  oolourir 
|  agents,  461-467. 

|  ,,  moae  of  preparing  crystallii 
I  chloropnyll,  77. 

Geisler's  method  of  estimating  fat  in  coi 

densed  milk,  263. 
Geissler's  vaporimeter,  387,  388. 
I  Gelatin  in  cream,  269. 
I      „     in  milk,  233. 

,,     process  for  the  detection  of  alum 
159. 

„     Standard  nutrient,  560. 
Gentian  bitter,  428. 
Gentianin,  416. 
Gentiogenin,  417. 
Gentiopicrin,  416. 

Geoffroy's  experiments  on  milk,  191. 
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Gerber  k  Co.'s  condensed  milk,  169. 
Gerber's  lacto-leguminose,  169. 
Gerlach's  experiments  on  tubercle,  255. 
German  beers,  409. 
guilds,  13. 

Gesner's  analysis  of  milk   secreted  b; 

infants,  212. 
Gibson  v.  Leaper,  36. 
Giffey,  Scheele  k  Co.'s  infants'  food,  169. 
Gin,  400-402. 

Analysis  of,  402. 
Ginger,  503,  504. 

„     F.  Redi's  experiments  on,  25. 

,,    starch,  142. 
Glacialine,  234. 
Gliadin,  152,  170. 
Gloucester  cheese,  306. 
Glucosazone,  103. 
Glucose,  104,  110. 

,,     Detection  of,  in  sugar,  106. 

„     in  butter,  277. 

,,     in  condensed  milk,  267. 

,,      vinegar,  474. 
Gluten,  Estimation  of,  161. 

,,  flour,  150. 
Gluten-casein,  151. 
Gluten-fibrin,  152. 

Glycerin  as  an  adulterant  of  milk,  239. 

,,      Estimation  of,  in  beer,  426. 

,,  ,,       ,,  in  butter,  299. 

,,  ,,  in  wine,  405,  454. 

Glycerol-soda  solution,  296. 
Goat's  milk,  209. 
Golden  syrup,  127-131. 
Goose,  Milk-like  secretion  of  glands  by 
210. 

Gooseberry,  131,  134. 

Gordon's  researches  on  scarlet  fever,  254. 

Government  laboratory  method  of  analysing 

milk,  243. 
Grain  vinegar,  474. 
Granulated  cocoa,  365. 
Granulose,  135. 
Grape  juice,  Analysis  of,  442. 

,,    sugar  group  of  sugars,  103. 
Grapes,  131. 
Green  colours,  77-79. 

Griessmayer's  method  of  estimating  hop 

resin  and  glycerin,  426. 
Griess's  reagent  for  nitrites,  571. 
G Tuning's   method   of  ascertaining  the 

strength  of  spirits,  385. 
Ground  nut  oil,  289. 

Grouven  on  the  composition  of  peas  and 

beans,  180. 
Gruvere  cheese,  306. 

Guiflemare  and  Lecourt's  method  of  colour- 
ing vegetables,  182. 
Guinea  greens,  84. 
Gum,  Determination  of,  342. 
Gutzeit  test  for  arsenic,  436. 

Haarstick's  method  of  examining  beer, 
425 

Haberland's  method  of  separating  organic 
acids,  299. 


Haematein,  73. 
Haematoxyliu,  73. 
Hager's  aniline  test,  366. 

„     method  of  analysing  coffee,  362. 

>  1      m  tea,  342. 

„     specific  gravity  table  for  wine  ex- 
tract, 452. 

Halogens,  Determination    of,   in  water 

analysis,  521. 
Halphen's  test  for  cotton  seed  oil,  513. 
Hammereten  on  casein,  198. 
Hardness  of  water,  Determination  of,  542. 
Hardy's  test  for  alcohol,  384. 
Hassall,  Dr.,  19,  32. 
Havanna  brown,  89,  90,  92. 
Hawthorn  leaf,  Description  of,  330. 
Hehner,  0.,  Analysis  of  genuine  honey  by, 

,,  „  Bromine  method  of  testing  fats 
by,  302. 

,,       ,,  on  iodine  value  of  lard,  312. 

,,  ,,  on  method  of  calculating  re- 
sults of  vinegar  analysis, 
479. 

,,       ,,  on  method  of  estimating  hard- 
ness of  water,  542. 
„       „  Test  for  formaliu  by,  236. 
,,       ,,  and  C.  W.  on  fluorides  in 

butter,  277. 
,,      ,,  and  Mitchell  011  lard,  311. 
,,       ,,    ,,       ,,       thermal  test  for 
oils,  313. 
Heisch's  analysis  of  cocoa,  371. 
Helianthine,  77. 

,,        in  wine,  458. 
Hema-spectroscope,  59. 
Hessian  purple,  84. 

Hiepe's  method  of  estimating  chicory,  361. 
Hippopotamus,  Milk  of,  209,  210. 
Hoffman's  experiments  on  milk,  193. 

,,       violet,  83,  85,  87. 
Hogbean  starch,  145. 

Hollyhock  as  an  adulterant  of  wine,  462, 

464,  465,  467. 
Homoeopathic  cocoa,  365. 
Honey,  123-127. 

,,     ant,  123. 

„     Artificial,  127. 
Honig,  Estimation  of  starch  by,  139. 
Hooke,  Dr.,  27. 
Hop-cones,  Ash  of,  415. 
Hop-resin,  412,  426. 

Hoppe-Seyler's  analysis  of  chlorophyll,  77. 
,,  ,,  separation  of  nuclein,  200. 
,,        ,,      views  on  albuminoids  of 

milk,  198. 
,,        ,,        ,,     on  casein,  198. 
,,        ,,        ,,     on  milk  globules, 

195. 

Hops,  412. 

,,    Arsenic  in,  438. 

„    Ash  of,  414. 

„    Bitters  of,  413. 

„    Oil  of,  414. 
Horder  v.  Meddings,  36. 
„     „  Scott,  41. 
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Horseflesh,  Sale  of,  Regulation  Act,  1889, 
591. 

Horsefoot  oil,  289. 

Hubl's  iodine  method  for  testing  fats, 

300,  801. 
Human  milk,  207-209. 

„      ,,     Reiset's  observations  on,  207. 
Huntley  gas  apparatus,  544. 
Hureaux,  32. 

Husson's  test  for  butter,  279. 
Hydrazine  colours,  81. 
Hydrazone,  103. 
Hydrocarotin,  401. 
Hyoscyamin  in  beer,  429. 
Hysteria,  Milk  in,  250. 

Ice-coating  of  cakes,  121. 
Idioblasts  of  tea,  322. 
Ilex  cassiva,  346. 
Indamines,  83. 
Indican,  79. 
Indiglucin,  79. 
Indigo,  79,  84,  87. 

Artificial,  82. 

as  an  adulterant  of  wine,  459,  462, 
467. 

disulphonic  acid,  79. 
method  of  determining  nitrates  in 

water,  528. 
monosulphonic  acid,  79. 
Spectrum  of,  80. 
sulphuric  acid,  86. 
Indophenol,  84. 
Indophenols,  82. 
Indulines,  83,  84. 
Infants'  farinaceous  foods,  169. 
Ingestion  of  copper,  183. 
Insoluble  fatty  acids,  294. 

,,        ,,      ,,     iodine  value,  301. 
Inversion  by  invertase,  119. 
Invert  sugar,  105. 
Invertase,  Preparation  of,  119. 
Iodine,  Determination  of,  in  water,  522. 
„    green,  79,  83. 
„    in  milk,  201. 
,,     value  of  butter-fat,  301. 
Iodoform,  Production  of,  383. 
Iron  filings  in  tea,  829. 
Isatin,  80. 

Isobutylglycol  in  wine,  442. 
iBorubine,  83. 

Jacoby's  method  of  detecting  ergot  in 

flour,  155. 
Jam,  131-134. 

„    Arsenic  in,  131. 
Jamieson  and  Edington's  researches  on 

scarlet  fever,  253. 
Japonica,  289. 

Jean's  method  of  testing  butter-fat,  287. 
Jellet's  saccharimeter,  120. 
Johnstone's  method  of  estimating  piperin, 
496. 

„      of  saponifying  butter, 
297. 

Jf<Ay      Filhol,  on  milk  from  a  bitch,  212. 


Jones,  Analysis  of  golden  syrup  by,  127. 

,,    v.  Jones,  36. 
Juniper,  Oil  of,  402. 
,,     resin,  428. 

Kakodtl,  Production  of,  in  testing  for 

alcohol,  383. 
K  and  R  values,  113. 

Karmarech's  values  for  starch  measure- 
ments, 145. 
Eellner  on  changes  of  tea  through  age,  327. 

Kermes,  86. 

Killing's  method  of  taking  viacometry  of 

butter,  290. 
Kino  in  wine,  467. 

Kjeldahl's  method  of  estimating  nitrogen,. 
97,  226. 

Klebs'  experiments  on  tubercle,  255. 
Klebs-Loffler  bacillus,  257. 
Klein's  method  for  B.  Coli,  etc,  668. 
,,    pathogenic  blastomycetes  in  milk, 
259. 

,,     researches  on  scarlet  fever,  253. 
Knight,   West,   Method   of  saponifying 

butter  by,  296. 
Koch,  Dr.  Robert,  on  tuberculosis,  256. 
Kbnig's  analysis  of  bread,  164. 

,,         ,,      of  cocoa,  371. 

„         „      of  pea,  180. 

,,         ,,      of  potato,  177. 

,,      of  rye  bread,  173. 

„         ,,      of  tea,  326. 
Koettstorfer's  test  for  butter,  285,  291. 
Koumiss,  270. 
Kreatine  in  milk,  203. 
Kreis's  method  of  saponifying  butter,  296. 
Kriiss's  colorimeter,  62. 

,,     universal  spectral  apparatus,  65. 
Kunze's  method  of  estimating  theobromine, 
367. 

Label,  Clause  on,  in  Sale  of  Food  and 
Drugs  Act,  35,  36,  586. 
False,  44. 
Lac-dye,  86. 
Lactic  acid,  203. 

„      „    Estimation  of,  in  milk,  230. 

„    fermentation,  259,  407. 

„   fluid,  234. 
Lactochrome,  202. 
Lactocrite,  218. 
Lacto-leguminose,  169. 
Lacto-proteine,  202. 
Lactose  (milk-sugar),  200,  224-226. 

,,     in  condensed  milk,  264. 
Lager  beer,  409. 
Lambick  beers,  409. 

Lam's  method  of  estimating  methyl  alcohol, 
392. 

Lancet  Sanitary  Commission,  19. 
Land  and  milk,  247. 

Landolt's  observations  on  sugar  ash,  108. 

,,      polariscope,  120. 
Lard,  310-316. 
,,    adulterants,  Chemical  and  physical: 
constants  of,  814. 


Lard,  Adulteration  of,  313. 

, ,    Chemical  characters  of,  311. 

Iodine  number  of,  312. 
, ,    Maumen6's  test  for,  3 1 2. 
,,    Melting-point  of,  283. 
, ,    Microscopical  appearances  of,  311. 
,,    Refraction  of,  311. 
„    Specific  gravity  of,  311. 
Larderine,  316. 
Lassaigne's  test  for  flour,  158. 
Laugier'8  method  of  determining  sugar 

ash,  96,  110. 
Leach,  Estimation  of  fat  in  condensed 

milk,  263. 
Lead  in  water,  620. 

,,  in  wine,  14. 
Leaves,  Colouring  matters  of,  77. 

,,     Microscopical  examination  of,  327. 
Lecanu's  method  of  separating  legumin 
from  flour,  157. 
,,  ,,      of   separating  starch 

from  flour,  156. 
Leclerc's  estimation  of  starch,  139. 
Ledum  bitter,  428. 
Leeds' analysis  of  human  milk,  209. 
Leeuwenhoek,  A.  Van,  26. 

,%,    ,,  Observationsofmilk, 
etc.  by,  190. 
Leffmann  and  Beam's  centrifugal  machine, 
220. 

,,  ,,     estimation  of  albu- 

men in  milk,  227. 

„  .,     estimation  of  lactose 

in  condensed 
milk,  264. 
,,      modification  of 
Reichert  -  Wollny 
process,  295. 

,,  ,,      test  for  naphthol 

compounds,  240. 

Legumin  in  beans,  185. 
,,     in  lentils,  184. 
„     in  peas,  180,  181. 
,,     Separation  of,  from  flour,  157. 
Leguminous  seeds,  Microscopical  ]>eculiar- 
ities  of,  355. 
,,        starches,  Microscopical  char-* 
acters   of,  142, 
144,  157. 
,,       in  wheat  flour,  157. 
Lehman's  method  of  estimating  casein  and 

albumen,  228. 
Lemon  and  lime  juice,  480-482. 
Lemons,  132,  480. 
Lentil  starch,  142. 
Lentils,  184. 

Lenz's  method  of  estimating  purity  of 

pepper,  496. 
Leptothrix,  557. 
Lermer's  lupulite,  418. 
Lesco3ur'8  analysis  of  milk,  232. 
Levulose,  105,  111. 
Licensing  Act,  35. 
Lichenstein's  treatise  on  milk,  192. 
Liddiard  v.  Reece,  35,  37. 
Liebig's  child  soup,  169. 
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Lime  juice,  Analysis  of,  480. 

,,  sucrate,  105. 
Linoleic  acid,  316. 
Linseed  meal,  503. 

„     oil,  Refraction  of,  284,  289. 

,,     starch,  145. 
Liqueurs,  402. 

Lister- Babcock  centrifugal  machine,  220. 

Litmus,  80,  459. 

Llama,  Milk  of,  209,  210. 

Logwood,  73,  87. 

,,      as  a  colouring  agent  of  wine, 
459,  462,  463,  466. 

„       as  a  test  for  alum,  159,  166. 
Lolium  temulentum,  155. 
Long  pepper,  Comjwsition  of,  497. 
Lowenthal's  process  for  tannin  estimation  r 

336,  337. 
Lupin  seeds  in  coffee,  353. 
Lupulic  acid,  414. 
Lupulin,  412,  413. 

,,      and  lupulite,  413. 
Luteolin,  85. 

Lychnis  githago  in  flour,  153. 

Mace,  503,  504. 

Madder,  72,  85,  86,  87. 

Magenta,  69,  83,  85,  86,  87. 

Magnesia,  Spectroscopic  test  for,  72,  160. 

Magnesia  11   salts,   Bloxam's   method  of 

determining,  552. 
Maisch's  method  of  detecting  nitro-benzener 

507. 

Make,  138,  142,  145,  175. 

„     Fat  of,  175. 
Malachite  green,  79,  83,  85. 
Malfatti's  apparatus  for  extracting  liquids, 

51. 

Malic  acid,  Estimation  of,  in  wine,  456. 
Malt,  Arsenic  in,  438. 

, ,    Colouring  matter  of ,  4 1 1 . 

,,    extract,  410,  419. 

„        „      Specific  gravity  of,  420-423. 

,,    pale,  Composition  of,  411. 

,,    vinegar,  473. 
Maltose,  Estimation  of,  129. 
Mammitis,  Milk  in,  251. 
Manganese  in  tea,  329. 
Mangosteen  oil,  283. 
Mannite,  124. 

Maranta  arrow-root,  141,  144,  145. 
Mara  villa  cocoa,  365. 

Marcker  and  Morgen's  estimation  of  starch, 
138 

Mare, 'Milk  of,  208,  209. 
Margarin,  196. 
Margarine,  272-273. 
„      Act,  589. 

,,      Analysis  of  (see  BtUter),  274. 
„      Butter-fat  in,  295. 
, ,      cheese,  Definition  of,  46. 
,,      Colouring  matter  of,  278. 
,,      Definition  of,  46. 
„      Refraction  of,  284,  289,  804. 
„      Standard  for,  46. 
Marmalade,  131,  132. 
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Marquardt's  method  of  detecting  amyl 

alcohol,  894. 
Mareh-Berzelius  test  for  arsenic,  436-440. 
Marten's  process  for  isolating  legumin, 

157. 

Martilli's  test  for  pepper,  499. 
Martin,  Bartholomew,  190. 

Dr.  Sidney,  Experiments  on  tuber- 
culosis by,  256. 
Martius  yellow,  84,  85. 
Mate,  844-346. 

,,    Physiological  action  of,  345. 
Maumene  test,  312. 
Mauvaniline,  458. 
Mauve,  80,  83,  87. 
Mauveine,  85. 

Mayer,  W.,  on  relation  of  phosphorus  to 

nitrogen  in  wheat,  153. 
Meal,  musty,  5. 

Measurements  of  objects  under  the  micro- 
scope, 54. 

Medical  officers  of  health  taking  samples, 
40. 

Meggenhofen's  analysis  of  milk,  199,  208. 
Melampyrum  arvense  as  an  adulterant  of 

wheat,  153. 
Meldola's  blue,  83. 

,,      test  for  nitrates,  519. 
Melting-point  of  fats,  281-284. 
Menyanthin,  417,  429. 
Menyanthol,  417. 

Mercuric  nitrate  solution  for  milk  analysis, 

224,  225. 
Mercury  pump,  52. 
Metals  in  milk,  230. 
Metanil,  85. 

„    yellow,  77. 
Meta-phenylene  blue,  88. 
Meta-phenylenediamine,  519. 
Methyl  aniline  violet,  80,  83,  85. 

„        ,,      ,,      Production  of,  390. 

„    green,  83,  85. 

„    orange,  77. 

,,     oxalate,  Production  of,  391. 
Methylene  blue,  80,  83,  85. 

„      green,  85. 
Methylic  alcohol,  Detection  of,  379,  390- 
392. 

Meyer,  Experiments  on  digestion  by,  164. 
Micro-chemistry,  54. 
Micrococcus  prodigiosus,  165. 
Micrometer  eyepiece,  54. 
Microscope,  53. 

,,       Influence  of  invention  of,  26. 
Microscopical  examination  of  butter,  274. 
„  ,,        of  butter  -  fat, 

274. 

,,  ofstarches,140- 
145. 

,,  ,,        of  tea,  327. 

Micro-spectroscope,  55. 
Mikado  orange,  83. 
Milk,  189-267. 

„    Abnormal,  211-281. 

,,    Acidity  of,  230. 

,,    Adulteration  of,  230-245. 


Milk,  Adulteration  of,  with  boiled  milk, 

233. 

,,  ,,  ,,  colouring  mat- 

ters, 241. 
,,         ,,    ,,  condensed  milk, 
233. 

„    „  dextrin,  233. 
,>  gelatin,  238. 
i     >>  ,  preservatives, 

234. 

,,       separated  milk, 
233. 

,,    .,  starch,  233. 
,,  „  sterilised  milk, 

233. 

ti    »»  sugar,  233. 
,,    „  water,  231. 
Albuminoids  of,  198. 
Amphioteric  reaction  of,  195. 
„    analysis,  215,  230-245. 
,,        ,,      Comparison  of  processes  of, 
219,  224. 
ash,  201,  204. 
,,     ,,  Determination  of,  228. 

Average  composition  of,  201-204, 
231. 

,,    bitter  principles  derived  from  plants, 
203,  247. 

,,    Chief  influences  modifying,  245-248. 
, ,    Citric  acid  in,  228. 
,,    Climate  and,  247. 

Composition  of,  iu  relation  to  food  of 
cow,  247-249. 
,,    Condensed,  262-267. 
,,    Decomposition  of,  259. 
,,    Detection  of  metals  in,  230. 
„    Diseased,  249-252. 
„    fat,  105. 

,,     ,,  Abstraction  of,  232. 
,,     ,,   Extraction  and  estimation  of, 

217-224. 
,,     „   Standard  for,  232. 
„    faults,  260. 
„    *  Fore,'  206. 
,,    from  various  breeds,  246. 

Gases  of,  204. 
,,    General  analysis  of,  213. 
,,   gland,  Chemistry  of,  194. 
,,    Globules  of,  194,  213. 
,,        ,,       ,,  whether  they    have  a 

membrane,  194. 
, ,    Historical  notices  of,  1 89- 1 93 . 
,,    lactation,  Period  of,  246. 
,,    Lactic  acid  in,  230. 
,,    Land  and,  247. 
,,    Microscopical  characters  of,  213. 
„    Minimum  amount  of  fat  and  solids 

not  fat  in,  232. 
, ,   Morning  and  evening,  247. 
,,    of  ass,  206,  208. 
,,    of  bitch,  210. 
,,    of  buffalo,  209. 
„    of  camel,  209. 

of  cat,  210. 
, ,   of  cows  suffering  from  aphthous  fever, 
250. 
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Milk  of  cows  suffering  from  disease  of 
udder,  251. 
„      „  „        „  engorged  ru- 

men, 252. 

11      >>  1*       M  parturient 

apoplexy, 
251. 

„      „  „  phthisis,  251. 

„       i»  n       „  pneumonia, 

251. 

,,      »  >,       „  typhus,  251. 

„  of  elephant,  209. 
„    of  gamoose,  209. 

of  goat,  208. 
„    of  hippopotamus,  210. 
,,    of  infants,  211. 

of  llama,  210. 
„    of  mare,  208. 

of  mule,  209. 
„    of  porpoise,  209. 
„    of  rabbit,  209. 
„    of  sheep,  209. 
„    of  sow,  210. 
„    of  whale,  209. 
„    of  woman,  207,  250. 

Penalty  for  refusing  to  sell  samples 
of,  to  inspector,  40,  584,  589. 

Preservation  of,  261. 
„   preservatives,  234-240. 
, ,    Propagation  of  disease  through,  253- 
259. 

proteids,  198. 
,,        „       Estimation  of,  226-228. 
,,    Quantity  of,  yielded  by  cows,  248. 
„    Sale  of,  Regulations,  1901,  45. 
„    Samples  of,  taken  in  transit,  40,  594. 
,,    Seasonal  variations  in,  246. 
„   Separated,  262. 
„    Skim,  45,  262. 
„    Specific  gravity  of,  215. 
„        ,,        ,,     ,,  Richmond's  table, 
575-581. 

„        ,,        „     „  Vieth's  table,  216. 
,,    standards,  45. 
„    strippings,  206. 
„    sugar,  200. 

„      „     Estimation  of,  224-226. 

„    Total  solids  of,  195,  215. 
tree  211. 
Milk-blended  butter,  274,  276. 
Milk-like  secretions  of  birds  and  plants, 

210. 

Milking  cows,  Food  of,  249. 
Millet,  145,  176. 

,,    starch,  145. 
Millon  and  Commaille's  lacto-proteine, 
202. 

,,      and  Kekull's  analyses  of  bran, 
147. 
Mimosa,  84. 
Mitchell,  John,  81. 

Mitscherlich's   polarising    sacchari  meter, 

116,  120. 
M'Nairv.  Cave,  587. 
Mogdad  coffee,  357. 

Moissan's  method  of  estimating  borax,  234. 


Molasses,  127. 

Molybdic  acid  solution,  581. 
Monne,  75. 
Moritannic  acid,  75. 
Mucedin,  152. 
Mucor  mucedo,  165. 
Mulberry,  131. 
Mulder,  28. 
Mule's  milk,  209. 

Munk  on  non-proteid  nitrogen  in  milk,  226. 
Munro,  Analysis  of  strawberries  by,  134. 
Muscarine,  83. 
Must,  442. 
Mustard,  485-491. 

,,     Adulteration  of,  489. 

Chemistry  of,  486. 
,,     Microscopical  characters  of  seed, 

485,  486. 
,,     Volatile  oil  of,  489. 
Muter  on  classification  of  starches,  140- 
144. 

,,     on  iodine  value  of  lard,  312. 

, ,     on  a  method  for  analysis  of  insoluble 
fatty  acids,  297-298. 
Mutton  fat,  Melting-point  of,  283. 
Myronate  of  potash,  488. 
Myrosin,  488. 

Myrtle  or  Russian  green,  84. 

N abler  on  milk  ash,  201. 
Naphthalene  red,  84. 

yellow,  86,  490. 
Naphthol  com|K)unds  as  preservatives, 

240. 

„        yellow,  84,  86. 
Naphthylaniine  test  for  nitrites,  519. 

„  „  for  pepper,  499. 

Natal  arrow-root,  141. 
Neatsfoot  oil,  Refraction  of,  289. 
Negri  and  Fabris,  Examination  of  olive  oil 
by,  512. 

Nephalometric  method  for  minute  quanti- 
ties of  carbon,  551. 
Nessler  and  Barth,  general  process  for 
analysing  wine,  444. 
,,      solution,  572. 
,,      test  in  water  analysis,  539. 
Nestles'  biscuit  food,  169. 
Neufchatel  cheese,  306. 
Neumann,  Caspar,  Observations  on  milk 

by,  28.  193. 
Neutral  blue,  83. 

„     red  method  for  isolating  B.  Coli, 
561. 

Night  blue,  83. 
Nigrosine,  83,  84. 
Nile  blue,  83. 

Nitrates  as  evidence  of  watering  wine,  454. 

,,      Estimation  of,  in  i*pper,  495. 

„  „       „  in  water,  523-532. 

,,     in  cheese,  308. 

„      in  milk,  242. 
Nitrites  in  water,  519,  523-582. 
Nitrobenzine,    Detection   of,   in  bitter 

almonds,  507. 
Nitro-colours,  81. 
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Nitrogen  and  nitrogenous  substances,  Esti- 
mation of,  97-99. 
compounds  in  cheese,  Estimation 
of,  308. 
„     in  bread,  163. 
,,     in  cereals,  148. 
i,     in  cocoa,  375. 
„     in  milk,  Estimation  of,  226. 
„     in  peas,  180. 
„     in  tea,  335. 
.  ,,     in  water,  Estimation  of,  551. 
,,     non-albuminoid,  98. 
,,     table  for  reduction  of  cc.'s  to 
grammes,  574. 
Nitroso-colours,  82. 
Normandy,  A.,  20,  32. 
Norwegian  condensed  milk,  169. 
Notices  on  shops,  etc.,  relative  to  purity 

of  articles,  87. 
Nuclein,  200. 
Nutmeg,  508,  504. 
,,      Artificial,  504. 
,,      starch,  142. 

Oak  sawdust,  503. 
Oat  starch,  144,  145. 
Oatmeal,  138,  144,  145,  170. 

,,     Adulteration  of,  171. 

,,  ,,        „  with  barley,  171. 

„     Fat  of,  171. 

„     gliadin,  170. 
(Enocyanin,  457. 
(Enolin,  457. 

Oidium  aura  utiac  urn,  165. 
Oil,  Angelica,  401. 

,,  Fixed,  of  mustard,  489. 

,,  of  almonds,  505,  506. 

,,  of  calamus,  401. 

„   of  cardamoms,  401. 

,,  of  coriander,  401. 

,,   of  hops,  414. 

„   of  juniper,  402. 

„  of  mustard,  489. 
of  olives,  509. 
of  pepper,  494. 

,,  of  rice,  174. 
Oleic  acid,  197. 

„      ,,  Muter's  process  of  determining, 
297. 

Olein,  196. 

,,    Iodine  value  of,  302. 

„    Refraction  of,  284. 
Oleo-  refractometer,  287. 
Oleum  theobromse,  365. 
Olive  oil,  509-513. 

,,     ,,  Adulteration  of,  510. 

„     ,,  Specific  gravity  of,  509. 

„     „  Spectrum  of,  510. 

„    stones  as  an  adulterant  of  pepper, 
499. 

Orange  and  yellow  colours,  74-77. 

Oranges,  132. 

Orellin,  74,  508. 

Oriel  yellow,  84. 

Original  gravity  of  wort,  419. 

Orris-root  142. 


Osazones,  108,  104. 
Osborne  on  wheat  proteids,  153. 
O'Sullivan,  Estimation  of  starch  by,  136- 
138. 

,,      K  and  B  values,  113. 
,,      percentage  of  starch  in  flour, 
138,  148. 

,,      and    Valentine,    analysis  of 
malt,  411. 
Ox  fat,  Melting-point  of,  288, 
Oxalate  of  methyl,  891. 
Oxazines  and  thiazines,  82,  83. 
Oxygen  absorbed  by  milk,  205. 
„     in  water,  582. 

„     process,  standard  solution,  572. 
Oxyketone  colours,  82. 
Oxyphenine,  84. 

Paghybhizus  angulatus,  145. 
Pakes,  Method  for  isolating  B.  Coli  by, 
562. 

,,    on  characteristics  of  milk  deposits, 

257. 

Palladium  solution,  572. 
Palmer  v.  Tyler,  38. 
Palmitic  acid,  196. 
Palmitin,  196. 

Panthaleon's  views  on  milk,  189. 
Paraffin  in  margarine,  277. 
Paraphenylene  blue,  83. 

,,        violet,  83. 
Paraxylene  as  a  solvent  in  cryosoopic  de- 
terminations, 303. 
Parmentier,  Estimation  of  borax  by,  235. 
Parmesan  cheese,  306,  307. 
PartheiPs  estimation  of  glycerin,  455. 
Parturient  apoplexy,  Milk  in,  251. 
Pasteurised  milk,  261. 
Pasteur's  researches  on  fermentation,  405. 
Patterns  of  fats,  279. 
Pavy's  method  of  sugar  titration,  114. 
Pea  cheese,  184. 

„  soup,  German,  181. 

,,  starch,  142,  145. 

,,  tablets,  German,  181. 
Peach,  131. 

,,     kernels,  506. 
Pear,  131. 
Pearl  barley,  171. 

Pearmain  and  Moor,  Estimation  of  fat  in 

condensed  milk  by,  263. 
Peart  v.  Edwards,  43. 
Peas,  142,  145,  179. 

,,   Analysis  of,  181. 

,,    Chinese,  184. 

„    Copper  in,  181. 

,,    Poisoninc  by  putrid  preserved,  180. 
,,    Preserved,  181. 
„    Tinned,  183. 
Peligot  on  composition  of  asses'  milk,  206. 
Pellet  on  composition  of  Chinese  peas,  184. 
Pepper,  491-500. 

„     adulterants,  Composition  of,  497. 

,,     Adulteration,  of,  498. 

,,     Analysis  of,  496. 

„     Ash  of,  495,  497,  500. 
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Pepper,  General  composition  of,  495-497. 
„     Microscopical  structure  of,  493, 
494. 

„     Nitrates  of,  495. 

„     Oil  of,  494. 

,,     Redi's  experiments  on,  25. 

„     Starch  of,  144. 

„     Varieties  of,  492. 
Peppercorns,  Artificial,  500. 
Pepperers  or  spicers,  Regulations  relative 

to,  8. 
Pepperette,  499. 
Peppermint  drops,  121. 
Peptonising  bacteria  of  Kalischer,  260. 
Permanganate,  Alkaline,  572. 

, ,  of  potash,  Absorption  coeffi- 

cient of,  64. 
„  process,  536. 

Peronospora  infestans,  177. 
Perroncito,  Case  recorded  by,  256. 
Petchley  v.  Taylor,  36. 
Pfeffer-munz  liqueur,  403. 
Phaiophyll,  78. 

Pharmacopoeias,  Establishment  of,  9,  14. 
Phenol  gelatin,  563. 

,,    test  for  nitrates,  524. 
Phloroglucol  as  a  test  for  olive-stones,  499. 
Phloxine,  72,  83. 
Phosphates  in  the  ash,  94. 

,,        in  water,  523. 
Phoephine,  77,  83,  85. 
Phosphomolybdic  acid,  367. 
Phosphotungstic  acid,  Preparation  of,  228. 
Photography,  66. 
Phthisical  milk,  251,  254. 
Phyllocyanic  acid,  181. 
Phyllocyanine,  78. 
Phylloxanthine,  78. 
Phytelephas  macrocarpa,  355. 
Phytolacca.  467. 

Phytosterol  and  cholesterol  in  oils,  315. 
Picini's  method  of  estimating  nitrites,  532. 
Picric  acid,  74,  84,  86,  87,  88,  428,  431. 
Picrotoxin,  Detection  of,  429,  430.  - 
Piesse  and  Stansell's  analysis  of  mustard, 
487. 

Pigeon,  Milk-like  secretion  of,  210. 
Pimento,  503,  504. 
Piperic  acid,  494. 
Piperidin,  494. 
Piperin,  494. 

Placitus*  views  on  milk,  189. 
Plastering  of  wine,  468. 
Pliny,  4. 
Plum,  131, 132. 
„     kernels,  Content  of  amygdaliu  in, 
506. 

Pneumonia,  Milk  in,  251. 
Poirier's  yellow,  85. 
Poivrette,  499. 

Polarimetric  estimation  of  sugar,  116-121. 
Polarisation  of  wine,  444. 
Polariscopes,  116,  120. 
Police  des  commissionaires,  9. 
Poison's  patent  flour,  170. 
Ponceau,  85. 


Ponceau  4,  76. 
„     3R,  72. 
„     2R,  72. 
,,     B  and  R,  458. 
Po]>e  v.  Turle,  36. 
Poppy  oil,  Constants  of,  289,  509. 

„     „  Test  for,  513. 
Porpoise's  milk,  209. 
Port,  Composition  of  old,  443,  447. 
Porter,  Composition  of,  etc ,  408. 
Portugal  berries  as  a  colouring  matter  of 

wine,  462,  463,  464. 
Potassium  iodide  solution,  572. 

,,      monochromate,  Solution  of,  572. 
,,      ]>ermanganate,  Solution  of,  572. 
Potato,  176. 

„     Analysis  of,  178. 
„     fungus,  177. 

Specific  gravity  of,  179. 
„     starch,  141,  144, 145. 

,,     as  an  adulterant  of  wheat 
flour,  156. 
Power.  Dr.  Hy.,  27. 
Prejudice  question,  23,  24,  583,  588. 
Preservation  of  milk,  261. 
Preservatives,  234-240. 

,,         in  cream,  269. 
Preservitas,  234. 

Preusse  and  Tiemann,  Estimation  of  oxygen 
in  water  by,  583. 
„  Estimation  of  volatile 

organic  matter  by, 
538. 

Primuline,  84. 

Private  purchase  of  samples,  89. 

Privet  as  a  colouring  matter  of  wine,  462, 

464,  465,  467. 
P  roc  ess  or  renovated  butter,  274. 
Proof  spirit,  882. 

Prosecution  of  offenders  against  Sale  of 

Food  and  Drugs  Act,  42. 
Proteid  ammonia  in  water,  540. 

, ,     ferment  in  milk,  260. 
Proteids  of  condensed  milk,  264. 

„      of  milk,  198,  226-228. 
Prune,  Composition  of,  181. 
Prunier's  method  of  separating  coffee  from 

chicory,  361. 
Prussian  blue,  87. 

Public  analyst,  Appointment  of,  38,  588, 
593. 

„    Analysts'  Society,  82. 
Purchase  of  samples,  39,  41,  581,  588, 
592. 

Purple  cow  wheat,  158. 
Purpurine,  72. 

,,       as  a  test  for  alum,  160. 
Pyrodextrin,  136. 
Pyronine,  83. 

Quassiin,  417,  428. 
Quercetin,  326. 
Quercitannic  acid,  825. 
Quercitron,  86. 
Quinoline  colours,  82. 

yellow,  84. 
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Rabbits'  milk,  209. 

Rabourdin,  H.,  Analysis  of  pepper  by,  498. 
Raffinose,  171. 

Ramsay  and   Homfray's  estimation  of 

dissolved  oxygen,  535. 
Rancid  butter,  305. 
Raspberry,  74,  131,  134. 
Rectified  spirit,  382. 
Red  bread  fungus,  1 65. 
„  milk,  260. 
,,  sandalwood,  503. 
Redi,  Francesco,  25. 
Reduced  extract  of  wine,  453. 
Refraction  of  alcohol,  388. 
„        of  lard,  311. 
,,        of  olive  oil,  510. 

,,     „  and  cotton  seed  oil, 
511. 

Refractometers,  284-288. 
Refusal  to  sell,  40. 
Regina  purple,  88. 
Regnault's  volumemometer,  351. 
Reichert-Wollny  process,  294. 

,,         „  Letfmannand 
Beam's  modification  of,  295. 
Reinhardt's  method  of  taking  melting- 
points,  281. 
Reinsch's  test  for  arsenic,  436. 
Rennin,  305. 

Reports,  Quarterly,  of  analysts,  584. 
Resorcin  as  a  test  for  nitrates,  524. 
„      blue,  83. 
„      yellow,  76. 
Rhinanthin,  153. 
Rhizopus  nigricans,  165. 
Rhodamine,  83. 
Rice,  188,  145,  174. 
„  oil,  174. 
„  starch,  144,  145. 
„  vinejgar,  474. 
Richmond  on  extreme  variations  in  milk, 
245. 

,,       on  formula  for  cal dating  milk- 
fat,  223. 

,,       on  preservation  of  milk  for 

analysis,  262. 
,,       on  ratio  of  fat  to  total  solids  in 

cream,  267. 
,  ,,   of  sugar,  proteids  and 

ash  in  milk,  201. 
,,        table    for    estimating  milk 

constituents,  575-581. 
,,       and  Boseley's  test  for  formalin, 
236. 

„       and  Carter  on  sugar  of  human 

milk,  205,  207. 
,,       and  Harrison,  rapid  estimation 

of  boric  acid  in  butter  by, 

288. 

Rideal  on  lactic  acid  in  milk,  260. 
Ridge's  food,  169. 

Riegler's  method  of  estimating  alcohol  and 

extract  in  wine,  444. 
Ritter  on  arsenic  in  glucose,  435. 
Ritthausen's  copper  process  for  analysis  of 

milk,  223,  226. 


Ritthausen's  method  of  fiat  extraction, 
223. 

Robin^'s  method  of  detecting  potato  starch 
in  wheat  flour,  156. 
„         „     for  estimating  the  valn» 
of  flour,  161. 

Roccelline,  85,  458. 

Rodriguez's  method  of  examining  flour, 
158.  *  I 

Romijn's  method  of  estimating  formalin, 

238. 

Rook  v.  Hopley,  44. 
Roquefort  cheese,  306. 
Rosaniline,  69,  458. 

,,        blue,  84. 
Rose  Bengal,  83. 

Rose's  method  of  estimating  amyl  alcohol, 

394. 
Rosocvanin,  74. 
Rosohc  acid,  71. 
Rouch  v.  Hall,  40. 
RufigaUol,  84. 
Rum,  399. 
Rutic  acid,  197. 
Rutylin,  197. 
Rye,  172. 

„  bread,  173. 

„     ,,     Digestibility  of,  164. 

„  Fat  of,  173. 

„  flour,  173. 

„  starch,  143,  144,  145. 

SACCHAKiMkTRE  a  Penonibres,  120. 
Saccharin,  134. 
Safflower,  73,  86. 

Saffron,  Old  penalties  for  adulterating,  13. 

Safrauine,  71,  88,  85,  458. 

Safrosine,  83. 
|  Saglier's  method  of  testing  alcohol,  395. 

Sago  starch,  143,  145. 
I  Safadin  of  Ascala,  25. 

Sale  of  Butter  Regulations,  1902,  46. 
,,  „  Food  and  Drugs  Act,  22,  33. 
!     „  „    „      „      „     „    Text  of,  582* 

587. 

,,    ,,  ,,  Amendment  Act, 

1879,  588,  589. 
,,      ,,     ,,  Amendment  Act, 
1899,  592-596. 
'         „  Horseflesh  Act,  591. 

„  „  Milk  Regulations,  1901,  45. 
Salicin  in  beer,  429. 
Salicylic  acid  in  beer,  432. 

„      ,,  in  milk,  239. 
Salt  in  beer,  433,  434. 

„  in  butter,  276,  277. 
Sample,  Division  of,  into  parts,  41,  584, 
594. 

, ,     Transmission  of,  through  the  post, 
42,  584,  594. 
Sand  in  pepper,  500. 
Sande,  J.  B.  Vanden,  26. 
Sandys  v.  Small,  23,  37. 
Santal,  85. 
Santalin,  73,  86. 
Saponin,  153,  154. 
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Savalle's  method  of  testing  alcohol.  394. 

895.  * 
Scala's  analysis  of  rum,  899. 
Scarlatina  in  relation  to  milk,  258. 
Soheele,  Discovery  of  lactic  acid  by,  193. 
Scheibler's  method  of  detecting  dextrin  in 
sugar,  106. 
,  i  ,,      of  determining  sugar 

ash,  110. 

Sellings  reagent,  236. 

Schlossberger  on  milk  from  goat,  218. 

n         •»    it     ii    newly -born 
infant,  212. 

Schmidt  and  Hiepe's  method  of  estimating 

acids  in  wine,  448. 
Schmidt's  analysis  of  old  wines,  445. 

,,      process  of  detecting  picrotoxine 

in  beer,  430. 
,,      process  of  detecting  sulphur 
dioxide  in  wine,  450. 
Schoepff,  Experiments  on  milk  by,  193. 
Schultz  and  Julius'  scheme  for  colours,  81- 
84. 

Schulze-Tiemann   method  of  estimating 

nitrites  and  nitrates,  527. 
Schutzenberger  on  the  decomposition  of 

casein  by  baryta,  199. 
Starch  a/Ur  Claret,  8. 
Seasonal  variations  in  milk,  246. 
Sebelien's  method  of  estimating  albumen  in 

milk,  227. 
Sechium  starch,  145. 
Section  cutting,  54,  55. 
Sedgwick- Rafter  method,  553. 
Sell  8  process  of  estimating  amyl  alcohol, 

394. 

Separated  milk,  262. 

Serum  albumen,  199. 

Sesame*  oil,  289,  511. 

Sheep's  milk,  209. 

Sieben's  analysis  of  honey,  125,  126. 

Silver  nitrate,  Standard  solution  of;  572. 

Sinalbin,  488. 

Sinapin,  486. 

Skalweit's  refraction  figures  for  butter, 
284. 

Skeleton  ashes,  328. 
Skim  cheese,  306. 

„    milk,  262. 
Slimy  or  ropy  milk,  261. 
Sloe,  331. 

Smith,  Dr.  L.,  Inverted  microscope  of,  54. 
Snyder  on  comi>osition  of  flours,  150. 
Soap,  Standard  solution  of,  572. 
Sodium  carbonate  in  milk,  240. 

„      chloride,  Solution  of,  572. 

,,     hydrate  solution  for  estimating 
nitrates,  573. 

,,     hyposulphite  solution,  573. 

„      nitrite,  Solution  of,  573. 

, ,     silicate  as  an  adulterant  of  butter, 
277. 

SoleiTs  saccharimeter,  117. 
Soluble  fatty  acids,  294. 
Somerset  House  method  of  analysing  milk, 
243. 


Somerset  House  method  of  estimating  milk- 
fat,  224. 
,,         ,,     Reference  to,  48. 
Sorbinazone,  104. 

Sorby-Browning  micro-spectroscope,  55. 
Sorby's  investigations  of  the  colouring 
matters  of  malt,  411. 
method  of  detecting  bitters  in 
beer,  432. 
,,       of  measuring  absorption- 
bands,  56. 
Sour  milk,  Analysis  of,  243. 
Sow's  milk,  209,  210. 

Soxhiet's  apparatus  for  volatile  solvents, 

,,      method  for  obtaining  dextrose, 
111. 

,,      process  of  milk  analysis,  220. 
Spaeth,  Analysis  of  lard  by,  310. 
Spanish  chocolate,  365. 
Specific  gravity,  Determination  of,  by  Boyle, 
29. 

of  butter-fat,  285,  289. 
„     of  lard,  311. 
,,        ,,     of  milk,  215. 
,,  .,    Vieth's  table  of, 

216. 

,,        ,,     of  potato,  179. 
„        , ,     tables  for  alcohol,  380,  381 . 
rotation,  116,  117. 
Spectroscopic  determination  of  metals,  58, 
59. 

,,        examination    of  colouring 
matters,  68. 
S introscopy,  Quantitative,  62. 
Spectrum  analysis  as  applied  to  beer,  432. 

,,         „      ,,      „     to  wine,  460. 
Spice  adulterants,  503. 
Spices,  502-505. 
Spiral  balance,  52. 
Spirillum  cholera  asiaticae,  567. 
Spirit  indication,  423,  424. 

,,    vinegar,  474. 
Spirits,  Standard  of  strength  of,  35,  589. 
Sponges  in  water,  569. 
Spruce  sawdust,  503. 

Standard   solutions   for   use   in  water 

analysis,  571. 
Standards  for  fat  and  solids  in  milk,  232. 
Staphylococci  in  water,  565. 
Starch,  185-145. 

,,    Estimation  of,  by  conversion  into 

sugar,  136-139. 
,,     Solution  of, 
Starches,  Microscopical  identification  of, 
140-145. 

,,      Quantitative  determination  of, 
140. 

Stearic  acid,  196. 
Stearin,  196. 

Stein's  method  for  the  detection  of  colour- 
ing matters,  85-87. 
, ,    photographic  camera,  66. 
Steryl,  234. 

Stewart  on  albumen  in  milk,  283. 
Stilton  cheese,  306. 
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Stock's  method  of  detecting  beef  stearin  in 
lard,  816. 

Stokes' method  of  detecting  gelatin  in  cream, 
270. 

„     tube,  223. 
Stokes  and  Bodmer,  Estimation  of  lactose 

in  condensed  milk  by,  264. 
Stone's  study  of  starch  determination,  139. 
Storch  on  composition  of  butter,  276. 
Stout,  Composition  of,  408. 
Strawberries,  131,  133. 
Streptococci  in  water,  565. 
Stoppings,  206. 
Strycnnine  in  beer,  429. 
Stutter's  classification  of  nitrogenous  con- 
stituents of  cocoa,  374. 
Styphnic  acid,  88,  90,  92. 
Sublimation  of  theine,  324,  335. 
Succinic  acid,  Estimation  of,  454. 
Sucrol,  135. 
Sudan  II  and  III,  84. 

,,    brown,  84. 
Sugar,  103-121. 

,,    Adulteration  of,  105. 

„    Analysis  of,  108. 

,,    as  an  adulterant  of  beer,  484. 

„    Ash  of,  107-108. 

,,    candy,  121. 

,,    Cane,  in  milk,  233,  264. 

„    Compounds  of,  with  bases,  105. 

,,    concretes,  Analysis  of,  109. 

, ,    Copper  reducing  power  of,  111. 

, ,    Cyan  ide  process  of  estimating,  114. 

„    Estimation  of,  111-131. 

„  „        ,,  in  wine,  456. 

,,    Full  analysis  of,  108. 

,,    Invert,  105. 

,,    K  and  R  value,  113. 

„     Milk,  200,  224-226. 

,,    Pavy's  process  of  estimation  of, 
114. 

„    Solubility  of,  104. 
„    Specific  rotation  of,  116,  117. 
,,    starch  or  glucose,  Detection  of,  in 
cane  sugar,  106. 
Sulphates  in  milk,  201. 
,,      in  water,  585. 
,,      in  wine,  468. 
Sulpho-cyanides  in  milk,  201. 
Sulphonated  azines,  83. 
Sulphur  in  mustard.  Estimation  of,  490. 
Sulphuric  acid  in  vinegar,  Estimation  of, 
476. 

,,        ,,     Method  of  saponification, 
296. 

Sulphurous  acid,  Estimation  of,  in  wine, 
450. 

Sweetmeats,  121,  122. 

Tabarie's  method  of  alcohol  estimation, 

387. 
Table  beer,  408. 
Tacca  arrow-root,  144. 
Tallow,  Melting-point  of,  283. 
Tannin,  Determination  of,  336,  337. 
,,     in  brandy,  398. 


Tannin  in  tea,  336. 
Tapioca,  143,  145. 

Tartaric  acid,  Estimation  of,  in  lemoi 
juice,  480. 
„     Estimation  of,  in  wine 
448,  455. 

Tea,  319-321. 
,,  Acts  relative  to,  16. 
,,  Adulteration  of,  342. 
„   Analysis  of,  332-342. 
,,  Bohemian,  343. 
,,   Brick,  321. 

„  Chemical  composition  of,  323-326, 340. 
,,      method  of  examining  leaves, 
328,  328. 
,,   Examination  of,  by  excise,  586. 

Extract  of,  338,  339. 
„   Facing  of,  329. 
„  leaf,  Structure  of,  322. 
„  Microscopical  methods  of  detecting 

adulteration  of,  327. 
„  Varieties  of,  321. 
Teinturier,  a  wine  colouring  matter,  464 
Testi,  Ludovico,  on  milk-sugar,  190. 
Theine,  323. 

„     Discovery  of,  by  Leeuwenhoek,  27. 

Estimation  of,  334-335. 
.,     Physical  properties  of,  324. 
„     Solubility  of,  824. 
,,     Tests  for,  825. 
Theobromin,  366-368. 

„         Poisonous  effects  of,  368. 
Thiazines,  83. 
Thiazol  yellow,  84. 
Thierry,  M.,  Spectroscope  of,  57. 
Thiobenzyl  colours,  82. 
Thiocarmine,  83. 
Thioflavine,  83,  84. 
Thionine  blue,  83. 

Thomson,  Estimation  of  arsenic  by,  438- 
440. 

„  ,,        of  borax  by,  235. 

!  Thresh's  method  of  estimating  sulphuric 
I     acid  in  vinegar,  478. 

Tin  in  peas,  183. 

Titer  test  for  fats,  283. 

Tobacco,  Ash  of,  328. 

Toffy,  121. 

Toluidine  blue,  83. 

Toluylene  red,  83,  85. 

Total  solids  of  milk,  215,  231. 

Tous  les  mois,  141. 

Traube's  method  of  detecting  fousel  oil, 

397. 
Treacle,  127. 

Tributyrin  as  an  adulterant  of  butter,  273. 
Trifolium  butter,  428. 
Trinidad  cocoa,  363. 
Trinitrophenol  (see  Picric  acid). 
Tritisecaline,  147. 
Tropceoline,  76,  458. 
Tschirch's  researches  on  copper,  181. 
Tubercle  bacillus,  Detection  of,  in  milk, 
257. 

Tubercular  disease,  Relation  of,  to  milk, 
254-257. 
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Tuberculosis,  British  Congress  ou,  256. 

Royal  Commission  on,  256. 
Tunnicliffe,  Experiments  on  copper  and 

peas  by,  182. 
Turmeric,  74,  86,  87. 

, ,      in  mustard,  490. 
„      starch,  142. 
Turmerine,  84. 

Twitchell's  modification  of  Jean's  process, 
298. 

Typhoid  bacillus,  Characters  of,  564. 

,,      and  milk,  257. 
Typhus,  Milk  in,  251. 
Tyrotoxicon,  309. 

Ulsoh's  methods  of  estimating  nitric  acid, 

527,  530. 
TJranine,  83. 
Ure,  Dr.,  28. 
Urea  in  milk,  203,  229. 
Uroglena,  569. 

Vacuum  processes,  52. 

,,  ,,      for  estimating  water 

in  milk,  217. 
Valenta's  test  for  butter,  279. 
Valentine  and  O'Sullivan's  analysis  of 
malt,  411. 

Vandam,  Detection  of  cocoa-nut  oil  in 

butter  by,  305. 
Vanilla  chocolate,  365. 
Van  Ryn,  Analysis  of  Dutch  butter  by, 

804. 

Vaughan,  V.,  on  tyrotoxicon,  309. 
Veaf-drii  )ping,  Melting-point  of,  283. 
Vegetable  ivory  in  coffee,  355,  857. 
Vernois  and  Becquerel's  method  of  milk 

analysis,  215. 
Vesuvine,  85,  88,  90,  92. 
Victoria  blue,  83,  85.  • 
,,      green,  83,  85. 
,,      yellow,  84. 
Vieth,  Analysis  of  buttermilk  by,  271. 
„         ,,      of  cream  by,  269. 
,,     ratio  of  sugar,  proteids  and  ash  in 
milk,  201. 

,,     Specific  gravity  table  corrected  for 
temperature  by,  216. 

,,     and  Richmond  on  the  average  com- 
position of  milk,  231. 
Villenin's  experiments  on  tubercle  in  milk, 

254. 

Vinegar,  473-479. 

,,      Adulteration  of,  474. 
„      Analysis  of,  475-479. 
Cider,  473. 
eels,  27. 
,,      Grain,  474. 
Malt,  473. 
Spirit,  474. 
„      Wine,  473. 
Violet  acid,  83. 
,,     black,  84. 
„    milk,  261. 
,,     neutral,  83. 
*  Viscogen  *  cream-thickener,  270. 


Viscometry  of  butter,  290. 
Vitruvius,  4. 

Vivian,  Analysis  of  ripe  oheese  by,  307. 
Voelcker'8  analysis  of  goats'  milk,  209. 
Vogel,  classification  of  starches  by,  144. 
,,     Method  of  delineating  spectra  by, 
57. 

„     Observations  011   purpuriue  and 

alum  by,  160. 
„     Test  for  ergot  by,  155. 
,,      ,,  for  pure  flour  by,  156. 
Volatile  acids  in  butter,  294. 

it    it  limits,  304. 

„  in  margarine,  limits,  295. 

,,       „    in  milk,  229. 
„       ,,    in  wine,  448. 
,,     organic  matter  in  water,  588. 
Volhard's  method  of  estimating  chlorine, 
522. 

Voltelenus  on  milk,  192. 
Vullyanoz  on  milk,  192. 

Wallace  on  sugar  ash,  108. 
Walnut  shells,  503. 

Wanklyn's  method  of  estimating  butyric 
acid,  299. 
,,  ,,      of  milk  analysis,  215. 

,,        standards  (water),  570. 
Warranty  under  Sale  of  Food  and  Drugs 

Act,  44,  585,  595, 
Water,  Analysis  and  examination  of,  517- 
571. 

,,     Biological  examination  of,  558. 
,,     Colour  of,  518. 
,,    in  brewing,  410. 
,,     in  butter,  46,  275. 
„     in  milk,  231. 

„    Microscopical  appearances  of,  553. 
„    Mineral  analysis  of,  552. 
,,    organic  nitrogen,  Estimation  of,  in, 
551. 

,,     Quantitative  analysis  of,  520. 
„     Smell  of,  518. 

,,    Standards  of  purity  for,  569-571. 
,,    Total  solid  residue  of,  521. 
Wave  lengths,  57. 

Weber  and  Haidlen  on  composition  of 

milk  ash,  201. 
Wein's  method  of  estimating  milk-sugar, 
225. 

,,     table  for  estimating  milk-sugar. 
226. 

Weinwurm's  analysis  of  nitrogenous  con- 
stituents of  cereals,  149. 
Weld,  86,  87. 

Wellman'8  colour  test  for  oils,  281,  315. 
Wensleydale  cheese,  306. 
Werner  Schmidt,  Estimation  of  milk- fat 
bv,  221. 

,,  ,,       Estimation  of  milk-fat 

in  condensed  milk, 
264. 

Whale's  milk,  209. 
Wheat  flour,  146-162. 

,,      „    Adulteration  of,  156. 

„      ,,    Analysis  of,  158. 
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Wheat  flour,  Constituents  of,  146, 147, 149. 

,,    starch,  143,  144,  145. 
Whey,  Composition  of,  810. 
Whiakv,  899. 

Whortleberry  as  a  colouring  matter  in 

wine,  462-465. 
Widal's  reaction,  565. 
Wiesner's  measurements  of  starches,  145. 
Wigner's  determinations  of  nitrogen  in 
cereals,  148. 
„       observations  on  milk-fat,  196. 
Wiley,  Estimation  of  lactose  by,  224. 
Willow  herb  leaves  as  an  adulterant  of 

tea,  411. 
Wine,  442-469. 
„     Adulteration  of,  443. 

,,       ,,  in  16th  and  17th 
centuries,  8. 
,,     Analysis  of,  443-469. 

Ancient  adulteration  of,  4. 
„     Ash  of,  468. 

Astringent  matters  in,  456. 
Changes  of,  through  age,  443. 
Colouring  matters  of,  457. 
„     Constituents  of,  442,  445-447. 
,,     Contamination  of,  by  lead,  14. 
, ,     Decree  by  Provost  of  Paris  resist- 
ing, 1871,  10. 
, ,     Electrolysis  of,  457. 

Old  English  Act  relative  to,  16. 
.,,      ,,  German  regulations  as  to,  13. 


Wine  vinegar,  473. 

„   Watering  of.  453. 
Winkler,  Estimation  of  proteid  ammouia 

in  water  by,  540. 
Wintou  and  Ogden's  table  of  relation  of 

refraction  to  Zeiss  reading,  287. 
Witt  and  Weingartner's  classification  of 

coal-tar  colours,  84,  85. 
Wolff  on  ash  of  potato,  177. 
Wood  man  n,  Analysis  of  milk  by,  232. 
Wormwood  bitter,  414,  429. 
Wroblewski's  apparatus    for  extracting 

liquids,  50. 

Xaxthophyll,  78. 

Yam  starch,  144. 
!  Yeast,  Chemical  comj»osition  of,  406. 
i  Yellow,  Brilliant,  84. 
,,     milk,  261. 
Young  on  distillation  of  alcohol  and  ben- 
zene, 379. 

Zallonis*  experiments  on  tubercle,  255. 
Zeiss'  butyro-refractometer,  286. 
Ziehl-Neelsen  method  of  staining,  257. 
Zinc  in  water,  520. 

iodide  starch,  520. 
Zipperer's  method  of  determining  cocoa 
red,  369. 
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